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Description 

Field of the Inventfftn 

[0001 J The InvenOon relates to blood processing systems and apparatus. 
Background of the Invention 
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Summary of the Invention 

tlve without complicating or in<^asSSoMhrdtL«^^ 
s(ve and straightfonvard^isposatjrCrerm ^^^^^^^ 
elementforseparatingblpodfromasourceintoa rltc^^^^^^^ 

Thesensingcha..i:rs2S^Z::S?^^^^^ 

temal sensing element. "'"""^wn regarding liquid pressure present within the one liquid passage to an ex- 

S ^SslT"""' '"^ ^ aPPa-«"s that includes an operating station for re- 

peristaltic pumping element is arg^l^toTe ^ ^ ^^'"""^ 

me cassette is in the desired orientaL on hrsEn to o^^^^ ° '"^ Me tubing loop when , 

element Is arranged with respect to IhenZ^nH P^^^9^^ The valve actuating 

statbn When the'cassette 

sensinge.emen.isarrangedwith.spect.rpXnrr^^^^^^^^ 
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'^"""^ '^^'^"^ «^««i^«<^ orientation on the station 

SUlSlnall'!!!.'^''"^!"''"^ assembly includes a separation element for separating blood Irom a source into a first 

second component from the separation element. pam may convey me 

S '° """"^ °' '"^^ ""W paths include, respectively firet 

?0^T' tih ^-f'Tr- 1!" '"^^^ "^"""""^^ ^"-"^'"9 ^^•^'"g °' 'he system ^' ' 

JS. . ^ ^ """""S ^"^"'"^ P^-^P P"''^- A flexible tubing loop extends bet»»een 

Touifno To Th '""""9 « Wment w«h an external peristaL pur^SStemS^ 

!l HM^r^^H^ T?^ '° ' °' '""'"9 °"'^W« 'he housing and^S part ole 

rmont. i"!fr 

pun^p port, and the second pump port. Valve 6taUot« may be fomied within the housing which are respoS^l to S 

[Ot^l In an emljodiment, the cassettes serve to segregate the flow paths of the blood components from 6ach other 
n this embodiment a second cassette conveys the first component from theseparatlon efJ^entSoS^ m ^e^'S 

L"drso!;,sz^'''''"'"''"°'^""''^ 

o centrifugai force. In this embodiment, the assembly comprises a closed sterile blood flow path ^ ' 

a^ng.at least one liquid passage for transmitting infom«tion regarding liquid pressure present within e one qui2 



Sn '"^y '"'^'"^^ 'h'fd and fourth pump ports that are located opposite to the first andsecond pump 

ports, in his arrangement, the first flexible tubing loop extends between^he fhsl and second pump port?^2de ,Z 

JrZ?H TfZT ' ^""^^ P^"^'^'"^ P"'"P ™'°^' "hlie a second flexible tubing loop haTSenSs 
beaveen the third and fourth pomp ports outside the housing for engagement with 

• "l^,^^''^"® "^^ '^"^^ a^oclation with a processing apparatus that includes an operating station for the 

ca«^e..The operating station includes a gripping element for holding the cassette.in a desired orientation on Ite 

men?Th?^.Z?r»? «'«o."«^'"des a peristaltic pumping element arranged with respect to the gripping ele- 
LS/. '"^^"^^ ^P^''^^ P"'"P 'hat simultaneously engage. respect^S the 

[0028J The operating station 'urtherincludesavahreactuatlngelementartangedwithrespecttothepumpinqelement 

n7hf -f f'lr'tr ' '° ''^ "^^^"^ ^•^""•^ «hen tSe cassette is in the deTeS o«n 
on the stahon to control liquid now in the cassette passages. •«« o'leniauon 

EL'" P'''^^'"9 apparatus includes an element for separating blood components that com- 

municates with the tubing attached to the liquid port of the cassette mponenismaicom 

C°L^e Satr ""^ "^'"^ ^P^^^"* '"^ •^^^'^^'P"-". 'he draw- 

Brief Description of the Drawingg 

[00311 

Rg. 1 is a perspective view of a centrifugal assembly that embodies the features of the im^ention- 

cir' :y a^Xss; ' """""^ 

Fig. 3 ,s a perspective view of a centrifugal processing system that the centrifuge assemb^ shown in Fig. 1 and 
the fluid processing assembly shown In Fig. 2 comprise when assodated for use- 

Fig. 4 IS an exploded perspective view of a fluid control cassette that the fluid processing assembly shown in Fia 
2 incorporates, looking at the back side of the cassette body; oiy snown in hig. 
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S'lfe^n^'?'*^)''!* body shown in Hq 4- 

theuser; '''^ "^"^ ^^''^'^^ ««8<«fe«ed with the fluid circuit. heW in t^^ 

1^1 r^vi ''"^ '^^'^ carded by the un,bi„cus. taten generaiiy aiong .ine 

Flfl 35 is an eifninrtArt ^ ' ® P®*®'' mechanical failure: 

fLVZ T^"^!"^ P^-speotive view of theVoller location mechanism shown in Fig 35. 
sSwnltiffe^iSjL^^^^^^^^ 

rSnrei;:nrSnsr°^*'''"'^ 

Figs ZLZ Ta^JX P^-^P^f °' the self-loading mechanism of the pump module- 

co^orm^sr Views of aspects of the self-toading feature that the pump module in- 

Fig. 47 is an exptoded pe«^ective view of the centrtfuge shown in Figs. 21 and a2 showing the structu. that 
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supports the rotating mass of Ihe centrifuge; 

Fig. 4B is an assembled perspective view of the centrifuge shown in Flo 47 from within th« f 

Fig.49lsanenlargedperspecth.eviewofthecentrifugeshownTnR^^^ , ^ 

assembly being shown In Its operating position- ' '''^ associated chamber 

JTS^ f??™ «Wi"F|g.S4- """"^^'"^ 

• S. L °!! Pe-'PMI'e view 01 Iho lalch el«neM sBown to Hg.. 63 snd 54- ' 

RfegTLltnl r °r T'""' "'"b'"'^"- support melT 

Description of the Preferred Embodiments 

I. THE FLUID PROCESSING ASSEMHLV 

SHSri—r-— ^^^^^^^ 

lOMtl The«..kl»«*,eiiKaM»<,„e„™,.i»l„,»l„„M,a.Fl9.2tto».,hmoa««»,awlg™,M^^ 
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22B; and 22C 



to 



IS 



22A/»C centefee m vaMng and pumping 5^S«?^ o„M^^^^^^ 

functions will be provided later ^ ' ® ^^^^ procedure. Further details of Biese 

CertorntilfT^^ 
the processing cl,amber 6) ^hJ^^^^ 

seltes 22 and contai,«r20 i^^^ T '''^'"^ ^^'"^ theW^ 

•wfthout using rotating seab FlerttLt ofa orewLf ? T""''^ °' "^^ ^""^'"8 «««^biy 14 
[00441 In the illusimted and Ife rfd el^^^^ "'^""'"^ '"^^^^ '««er 

sn"er;irf"^^^^^^^ 

1 8 in an onterl, compact 'package ^reTse tTg S^^I r^^^^^^^ T T'"^ 

. KLdTi:ari,\^^^^^^^^ . 

(0 The Fluid Processing CagfiftttA 

10047, ^-^casset.e22A/B,Csharesthesan,econstruction.ngs.4to9Showthedetalteo,.h,pre,erre^ 
description, the front Side mTiiesSJJnhJa^^^^^^^^^ "''f^ ^-'»'«P"'Po«-o' 

- SLl7T;:dS;t;^;r6tS^^^^ arepre,erab,y .ade o, a Hgid n«dK.I grade p^stio 

^.p...Sa^s^.edahS^^^^ 

array of pressure sensing statos °' 

vary. In the illustrated embodiment the cassette 93 ^v^wnil I. / f ? ^^'^"'9 can 
V10, and four sensing staZssJto^^ '^^^^^ 

f^^^ee r^Fics Ta"n3 8 bS'shT" T.'"^' """^'^ °" cassette sWe 

surround thLtLJhs 1 Si/t "'"'"""^ "^^ '"^ ^ Peripherally 

126 A/B/C Channel liquid flow alnle 222^^^^ 'it''"' '^^''"^ "^"^^^ P^«« 

rOOSfll AfiPins y^LoK^. u .J „ ^ "P^''^*'^N*''''°"9''''i«associatedsensta 
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The positive force F1, like the ultrasonic weld. peripheraHy seals the valve and sensing stations V1/V10 and S1/S10. 
[0061 J As shown in phantonn lines in Fig, 8, the localized application ol additional positive force upon the intermediate 
region of the diaphragm 116 overlying a valve station V1/V10 (as shown by the F2-anrow in Fig. 7) serves lo flex the 
diaphragm 116 into the valve station. The diaphragm 116 seats against the ring 124 (as shown by phantom fines in 

5 Fig. 8) to seal the associated vafve port 122A. This closes the valve station to liquid flow. 

[0062] Upon removal qf the force F2, fluid pressure within the valve station and/or the plastic memory of the dia- 
phragm 116 itself unseats the diaphragm 116 from the valve ring 124. opening the valve station to liquid flow. 
[0063] Preferably, the diameter and depth of the valve stations are selected so that the flexing required to seat the 
diaphragm 116 does not exceed the elastic limlls of the diaphragm material. In this way, the plastic memory of the 

10 plastic material alone is sufficienl to unseat the diaphragm 116 in the absence of the force F2. 

[00641 As will be described in greater detail later, in use, the centrifuge assembfy 12 selectively appffes focalized 
positive force F2 to the diaphragm 116 for closing the valve ports 122A. 

[0065] As Figs. 7 and 8 best show, upstanding edges 128 rise from the interior wall 534 and peripherally sum)und 

the channels F1/F1 9, which are open on the back side 11 4 of the cassette 22. . 
'5 [0066] The liquid paths F1/F1 9 are closed by the interior wall 534 on the front side 1 12 of the cassette 22, except 

for the ports 122A/B of the valve stations V1/V10 and the ports 126A/B/C of the sensing stations S1/S4 (see Fig. 6). 

[0067J. The rigid panel 118 overiyfng the back side 114 of the cassette 22 is sealed by ultrasonic welding lo the 

upstanding peripheral edges 128, sealing the liquid paths F1/F19 from each other and the rest of the system 10. 

[0068] As Fig. 6 best shows, ten premolded lube connectors tl lo T1 0 extend out along opposite side edges 1 30A/ 
^ B of the cassene 22. The tube connectors are arranged five on one side edge 130A (Tl to T5) and five on the other 

side edge 130B (T6 to T1 0). The other side edges 132A/B of the cassette 22 are free of tube connectors. This ordered 

orientation of the tube connectors T1/ri 0 along only two side edges 1 30A/B of the cassette 22 provides a centralized, 

compact unit for mounted on the centrifuge assembly 12 (as Fig. 3 shows). 

[0069] As Fig. 6 shows, along one side edge 130A, the first through fifth tube connectors Tl to T5 communicate with 
?5 • interior liquid paths F1 to F5, respectively. Along the other side edge 1 30B, the sixth through tenth lube connectors T6 
to T1 0 communicate with interior liquid paths F6 to F1 0, respectively. These liquid paths F1 to F 1 0 constitute the prlmaiy 
liquid paths of the cassette 22, through which liquid enters or exits the cassette 22. 

[0070] The remaining Interior liquid paths F1 1 to F1 9 of the cassette 22 constitute branch paths that link the primary 
. liquid paths F1 to F10 to each other through thevah/e stations VI to V10 and sensing stations S1/S4. 

30 [0071] More particularly, valve station \/3 controls liquid flow between primary liquid path F1 and branch fluid path 
F1 1 . Valve station V2 conlrols liquid flow between primary liquid path F2 and branch path F1 9. Valve station VI controls 
liquid flow between primary liquid path F3 and branch path F15. Sensing station SI links primary flow path F4 with 
' brar)ch paths F15 and F16. Sensing station S2 links primary flow path F5 with branch paths F17 and F18. 
[0072] Similariy, valve station V10 controls liquid flow between primary liquid path F8 and branch fluid path F14.' 

35 Valve station V9 controls liquid flow between primary liquid path F9 and branch path F19. Valve station V8 controls 
liquid flow between primary liquid path F10 and branch path F18. Sensing station S3 links primary flow path F6 with 
branch paths F11 and F12. Sensing station S4 links primary flow path F7 with branch paths F13and F14, 
[0073] The branch paths F16, F12, F17, and F13 communicate with branch path F1 9 through valve stations V4. V5. 
V6, and V7, respectively. 

<o [0074] In this arrangement, branch path F19 serves as a central hub for conveying liquid between the primary fluid 
paths F1 to F5 on one side 130A of the cassette 22 and the primary fluid paths F6 to F10 on the other side 130B of 
the cassette 22. The branch paths F16 and F1 7 feed the central hub F19 from the side 130A of the cassette 22, while 
• the branch paths F12 and F13 feed the central hub F19 from the other side 130B of the cassette 22. 

[0075] In the illustrated and preferred embodiment (see Figs. 6 and 9). an upstanding, generally elliptical ridge 532 

*5 occupies the midportion of the central hub F1 9. The ridge 532 helps to channel fluid within the hub F1 9 to the respective 
branch paths communicating with it. The ridge 532 also reduces the overall fluid volume of the hub F19 to facilitate 
liquid conveyance within it. 

[0076] Also in the illustrated and preferred embodiment, (see Figs. 6 and 9), an array of internal stiffening elerfients 
530 extend between upstanding edges 128 that form the fluid paths. The internal stiffening elements 530 provide 
50 internal rigidity to the cassette structure. This rigidity resists bending or deflection under load. The geometry of the 
valve stations, sensing stations, and fluid paths thereby remain essentially constarit. and are not subject to deformation- 
or alteration during use. The spaced Intrastructure of spaced elements 530 stiffen the cassette body'.wlthout adding 
significant weight or significantly increasing the amount of plastic material used. 

[0077] The use of the generally rigid panel 1 1 8 overlying the back side 1 i 4 of. the cassette 22 lends further rigidity 
55 to the cassette structure. As will be shown later, the rigid panel 1 1 8 also provides a locatfon for securely gripping the 
cassette 22 during'use. 

[0078] As Fig. 9 shows, external tubing loop 134 connects tube connector T4 with lube connector T5 on the side 
edge 130A. Likewise, external tubing loop 136 connections tube connector T7 with tube connector T6 on the other 
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side edge 130B. In use, the tube loops 134 and 136 engage peristaltic punip.rotora on the centrifuge assembly 12 to 
convey liquid into the cassette 22 and from the cassette 22. , 

[0079] As Fig. 7 shows, the tube connectors T1/r2 and T9/ri0extend from their respective side edges 130A/B In 
a sipping direction toward the front side 112 of the cassette 22. In the illustrated and preferred embodiment the angle 
s a that the sloped tube connector 11/72 and TOTTIO make with the plane of the front side 112 of the cassette 22 is 
about 10 degrees. The angled relationship of the tube connectors tl/T2 and T9/no facilitates loading the associated 
tubing loops 134 and 136 on the peristaltic pump rotors. Further delaHs of these aspects of the system 10 will be 
described later 

[0080] The remaining lube connectors T3 to T8 on the cassette 22 are connected with the flexible tubing of the fluid 
10 circuit 18. 

(li) The Organizer Tray 

[0081] Figs. 10 to 12 show the organizer tray 26, in which the fluid circuit 18 is packaged before use. 
IS [0082] In the Illustrated and prefen^d embodiment, the tray 26 Is made of vacuurp fonned plastic material. A variety 
of materials can be used for this purpose; for example, amorphous polyethylene lerephthalate (APET), high Impact 
polystyrene (HIPS), polyethylene terephthalale with a glycol modifier (PETG),. recycled center layer coextrusions, or 
paperboard. 

[0083] The tray 26 Includes four side panels 138 and a bottom panel 140 that together form an open interior area 
20 142. The fluid clrcult .18 Is packed In layers within the open Interior area 142 (see Fig. 11). 

[0084] m the illustrated and preferred embodiment, the side panels 138 Include outwardly bowed recesses 144 to 
accommodate the orderly arrangement of components in the tray 26, The side panels 138 also preferably include 
prefonmed brackets or pockets 146 to hold gravity-fed components, like the drip chambers 54 and 102, in a upright, 
gravity flow position during use (see Fig. 12). 
2s [0085] The side panels 138 further Include open regions 1 48 through which portions of the fluid circuit 1 8 leading to 
and from the cassettes 22A/B/C pass when the tray Is mounted on the centrifuge assembly 12 (see Ffg. 12). The 
bottom panel 140 also preferably Includes prefonned upstanding brackets 158. which hold the umbilicus 24 In the tray 
26 before use. 

[0086] The bottom panel 140 includes cut-out regions 150 A/8/C (see Figs. 10 and-11). The cassettes 22 A/B/C fit 

30 within these regions 1 60 A/B/C when packed In the tray 26 (see Fig. 12). 

[0087] pairs of upstanding chambers 152 A/B/C are formed at opposite ends of the cut-out regions 150 A/B/C. The 
tubing loops 134 and 136 attached to each cassette 22 A/B/C extend Into the chambers 152 A/B/C, as Fig. 12 shows. 
As will be described in greater detail later, pump rotors on the centrifuge assembly 12 nest within the chambers 162 
A/B/C and engage the tubing loops 1 34 and 136 during use (as Fig. 2 generally shows). 

35 [0088] As Fig. 12 also shows, the tubing loops 134 and 136 Inside the chambers 152 A/B/C extend below the top 
surface of the bottom panel 1 40. Other tubing lengths 1 54 attached to the cassettes 22 A/B/C pass over the top surface 
of the bottom panel 140. The opposed wedging of the tubing loops 134/136 and the tubing lengths 154 above and 
below the bottom panel 1 40 suspend the cassettes 22 AJB/C within the regions 150 A/B/C. 

[0089] Upstanding hollow ridges 156 separate the cut-out regions 150 A/B/C. The regions ,156 are recessed at their 
top to accommodate passiage of portions of the'Uuid circuit (as Fig. 12 shows). As will be described in greater detail 
later; cassette gripping elements on the centrifuge assembly 12 nest within the hollow ridges 156 during use. 
[0090] Other regions 160 of the bottom panen40 are cut away to fit over other operative elements carried by the 
centrifuge assembly 12 (see Fig. 1 ), like shut-off clamps 240 , hemolysis sensor 244A, and air detector 244B. 
[0091] An outer shrink wrap 162 (see Fig. 11) encloses the tray 26 and the fluid circuit 16 packaged within it. 
[0092] In the illustrated and preferred embodiment (as Fig; 11 shows), the fluid circuit 18 is packed within the tray 
26 in three ordered layers 164, 166, and 168. 

[0093] The fluid containers 20 occupy within the tray 26 a top layer 1 68. where they are presented for easy removal 
by the operator for hanging on the centrifuge assembly 12 (using hanging loops 170 fon^ed in each container 20). 
[0094] The centrifuge chamber 16, the un^ilicus 24, and associated lengths of tubing occupy the next, or middle, 
layer, 1 66 within the tray 26. where they are presented for removal from the tray 26 and mounting on the centrifuge 
assembly 12 after the fluid containers 20. 

[0095] The cassettes 22 A/B/C occupy the next, or bottommost layer 1 64 in the tray 26. where they present them- 
selves for operative contact with the centrifuge assembly 12. 

[0096] As Fig. 11 also shows, hanging loops 170 In two of the larger fluid holding containers 20 fit over premolded 
pins 172 on a tray side panel 138. A bracket 174 makes an interference snap fit over the pins 172 to secure the two 
containers 20 to the side panel 138. The weight of the fluid holding containers secured to the bracket 174 holds the 
remainder of the fluid circuit 1 8 in place within the tray 26 before use. 

[0097] The tray 26 senses as an organized assembly fixture for the manufacturing plant. It also aids the user in 
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organizing and understanding the relationship of the components for the procedure that is lo be run. It gives an organ- 
ized, purposeful appearance lo what otherwise would appear to be a conglomeration of tubing and components. 
I0098J As will be described In greater detail later, the layering of the fluid circuit 1 B within the tray 26 simplifies set 
up of the processing assembly 14 on the centrifuge assembly 12 at tinie of use. The tray 26 reduces tubing kinks by 
allowing for controlled tubing paths, both before and after set up. 

[0099] During storage, the tray chambers 152 NWC serve to cover the tubing loops 134 and 138, at least partially 
shielding them from contact. During use, the tray chambers 152 A/B/C sen^e not only as covers for the tubing loops 
1 34 and 1 36, but for the perlstaltte pump rotors thenjsehfes. This aspect of the tray 26 will also be described In greater 
detail later. 

[0100] It should be appreciated that the tray 26 can be used in association with other types of blood separation 
elements, and not just the centrifugal processing element shown. For example, the tray 26 can be used in association 
with a conventional stationary membrane separation element, or with a rotating membrane element like that shown in 
Fischel U.S. Patent 5,034,135, or with otherstyles of centrifugal separatton elements, like that shown In Schoendorfer 
U.S. Patents 4,776,964 and 4.944,883. 

(HI) The Drip Chambers 

[0101] In.the illustrated and preferred embodiment (see Figs. 12 to 14), the drip chancers 54 and 102 associated 
with the processing assembly 1 4 are made in their entirety from a non-rigid or "soft", transparent medical grade polyvinyl 
chloride material. The soft plastic materia! allows the chambers 54 and 102 to be manually squeezed or "pumped" for 
air purging and prirhing (as Figs. 1 3 and 1 4 show). 

[01 02] In the illustrated and preferred embodiment, the soft plastic chambers 54 and 1 02 are purposely sized small 
enough.to be conveniently handled, yet large enough to provide effectiveair purging and priming by manual squeezing, 
even when the drip chambers 54 and 1 02 are spaced away from an associated solution containers 20 for manufacturing, 
packaging, and other reasons. 

[0103] More particularty,.in the Illustrated and preferred embodiment, the chambers 54 and 102 are sized small 
enough to be readily gripped in the user's hand (see Fig. 1 3) and collapsed by a single, vigorous squeeze for air purging 
and priming (see Fig. 14). 

[0104] At the same time, the interior volume of each chamber 54 and 102 is sufficiently large, relative to the volume 
per unit length of the associated tubing, that the volume of the chamber exceeds the interior volume of tubing extending 
between it and the associated solution container 20. In other words, the chamber volume accommodates placement 
of this chamber 54 and 1 02 a reasonable distance away from the associated container 20. without losing the manual 
priming and air purging capability. 

• [0105] In the preferred embodiment, the processing assembly 14 uses conventional tubing, typically having an in- 
ternal diameter of about 0.126 inch. In this embodiment, each chamber 54 and 102 preferably measures about 2.5 to' 
4.6 inches in overall height and about 1 .0 to 1 .5 Inches in diameter. This provicfes chambers each sized for convenient 
handling (as Figs. 13 and 14 show), yet each having a relatively large total Internal volume of between about 2.0 cubk: 
inches and about 7.0 cubic inches. In the illustrated embodiment, the Interior volume is about 2.0 cubic inches, and 
the chambers 54.and 102 are located about 1 8 Inches away from their respective solution containers 20. 
[0106] During manufacturing, the solution containers 20 can be steam sterWized, while the drip chambem 54 and 
102 can be separately gannma or EtO sterilized. The containers 20 and chambers 54 and 102 can be packaged away 
from each other in separate layers within the tray 26, as described above. 

[0107] During use, despite separation, a single vigorous squeeze purges air from the chambers 54 and 102 and 

tubing and Into the associated solution container 20, thereby priming the chambers 54 and 102 for use. 

[0108] After priming, the chambers 54 and 102 are conveniently supported within the tray brackets 146 in clear. 

unimpeded view of the user, with the solution containers 20 suspended above them (as Fig. 3 shows). 

[0109] . In the Jl/ustrated and prelerred embodiment, the chambers 54 and 102 each Includes a main body 500 having 

an top 502 and a bottom 504. The chambers 54 and 1 02 also each includes a cap 506 that provides an enhanced f lekJ 

of view of the droplets entering the chambers 54 and 1 02. 

[0110] More parlicularty, the cap 506 has a base 508 and a side wall 510 that converges inward from the base 508 
to Intersect as a vertex 512 above the main body 500 of each chamber 54 and 102. An inlet port 514 extends from the 
vertex 512. An outlet port 516 extends from the bottom 504 of the main body 500. 

[0111] In the illustrated and preferred. embodiment (see Fig. 13), the side wall 510 is symmetric with respect to the 
center of the vertex 512. from which the inlet port 514 extends. The cap 506 thereby takes the structural shape of an 
inverted cone. 

[0112] When held In a vertical, gravity feed position for use (as Fig. 1 2 shows), the tapered side walls of the cap 506 
provide an enlarged field of vision for viewing liquid droplets entering the cap 506 from outside the cap 506. The cap 
506 allows the user to see liquid droplets dripping into the chambers 54/102 from a nornial standing height above the 
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10113] AsFg. 15showsJhecyl,ndricaIwallofaconvenli(>naldripchamber518(sh(>vminphantom Inesin FtaT^^ 

field of vision 520. Even then, using a conventional cylindrical drip chamber 51 8, the droplet 522 canto usiirvl^ 
Within the field of vision 520 from a distance about only atout 3 to 4 feet away. ^ 
[0114J As Fig. 15 also shows, the angled side wall 510 of the cap 506 significanllv expands the field of «kinn Th. 

• ZTt T 1 ^'^'T rj^'' °" « rtgm tr^nglfwhose br^2^^S:nrgene5 

zontally In he plane of (he droplet 522. and whose >,ypotenuse 528 extends upward from the base at an Zle C 

prefer embodiment, the Angle A is from about 20" to about 40'. The enhanced field of vision 5^4 matS^aJ 
provides signjcantiy extends the horizontal distance at which the droplet 522 can be viewed (as Fn^Sf 

the droplet 522 can be viewed (as Rg. 15 also indicates). . "ir«*nwnicn 

101151 Using the drip chamber 54/102 of the preferred dimensions described above, with the cap 506 made from 
bXtr .'°""ir ''''' P'^^"^' ° -^P^^ '^Sle a of about 3(i- and a pX^J^hS 

?oT^r«!L H Of about 0.81 inch, the droplet 522 can to viewed from alanS^oTat teas 

flu-.n in I ■ 54/102 suspended 4 feet above the ground, the average-person (5 to 6 

ISst l2f^"C ''^"'^ « "^^-^^l P-'"- '-^ a diS;:i of a' 

(lv) The Umbilicus 

[Oliej Figs. 1 6 and 1 7 best show the details of the construction of the umbilicus 24 

So«iL?o„nr"°"' 2f '^""^""'^•^^ """'"P'e ""id paths leading to and from the blood separation chamber, it 
provides a contmuous, stenle environment for fluids to pass. In construction, the umbilicus 24 is flexlbte enouah tb 
unc^»n ,n the relativeiy small, compact operating space the centrifuge assembly 12 provides. S li me «n 
IS durable enough to withstand the significant flexing and torsional stresses imposed by the small, comp^sptninq 
environment Where rotation rates up to about 4000 revolutions per minute (RPM) can L encountered ' 
S.n?L "'« "«' ™'«'*«"d P«fe"^ed embodiment (see Fig. 16). the umbilicus 24 includes a coextruded main body 
furlnTSfn'n 

lumens 202. depending upon the needs of the particular separation process "t^uunea 
Dupinn' r1'''"''?'°^ and preferred embodiment, the main body 200 is made from HYTREL® 4056 Plastic IWateriai 

S^^nlgrXrhC^^^ ^'"^ °^ " '"""^ '"""^'^'"'^ °' to 

I0120J in the illustrated and preferred embodiment (see Fig. 1 8). the profile design of the extrusion maximizes the 
cross sectional areas of the lumens 202 while minimizing the outer diameter of the main body aJO 
Which ihptmlt^°n?"'?' T "^^^^ ^ 200 having a cylindrical inner core 201 about 

Se'iolS. JT"".." ^ '.T "^""'^'^ ''^ °' '"'"^"^ 202 for a desired f oi 

rSinilnVif ^"^.P'^'^"^'' embodiment, the main body 200 has an outer diameter of atout 0.333 inch. 

In Pi! S kT-To.^ crcumferentially spaced along the peripheor of the main body by an arc (designated ARC 

Innl I n « . ^ '"^^"'^^ ^"""^ -^"^ «'°"9 its major axis (designated in Fig 18) 

and about 0.85 along its minor axis (designated Ami„o, in Fig. 18). Major 'n rig. lo, 

f I«Lr'^""®"'°I!;^°^ """^ ""''^ ^ '"'■'"^ « ''*^"'«'«r (designated Co in Fig. 18) of about 

0M55 Inch. This provides a wall thickness (designatedT in Rg. 18) between lumens of about .OK inch It is telfeved 

problematic and subject to failure when hwisted. 

te Sun .o^rlrl" i?'^'' outer diameter of the profile reduces the centrifugal forces generated when the umbilicus 24 
•s spun to reduce the overall stresses encountered. The elliptical configuration of tto Iumens202 maximizes fluid flow 
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capacity. The c'trcumferenlia! placement of the lumens 202 within the main body 200 maximizes the physical strength 
and stress resistance of the overall umbilicus structure. As Fig. 1 6 best shows, an upper support block 204 and a lower 
support block 206 are secured, respectively, to opposite l&nds of the unftbilteus body 200. 

[0126] iEach support block 204 and 206 is preferably made of a HytreKB 8122 Plastic miena\ (DuPont). The blocks 
5 204 and 206 injection over-molded around the main umbilicus body 200 and include formed lumens 20B which com- 
municate with the lumens 202 of the umbilicus body 200. The heat of the injection over-molding process physically 
bonds the two Hytrel® Plastic nnaterials together. The support blocks thereby prove a secure, leak proof, integral fluid 
connection for each Uu\6 path through the umbilicus 24. 

[0127] The Hytre® 8122 Plastic Material of the blocks 204 and 206 has a lesser modulus and is therefore softer and 
w more flexible than the Hytre® 4056 Material of the main body 200. The Hytrel®. Plastic also can be solvent bonded to 
medical grade polyvinyl chloride tubing. The tubing of the fluidclrcuit 18 can thereby be secured by solvent bonding 
within, the lumens 208 of the support blocks 204 and 208. 

[0128] Each support block 204 and 206 preferably includes an integral, molded flange 210. Each flange 210 has is 
own predetemiined shape, which can be the same or different for the two flanges. In the illustrated embodiment, each 

»5 flange 210 is generally D-shaped. 

[0129] The upper support block further Includes a tapered sleeve 212, In use, the sleeve 212 acts as a strain relief • 
element for the umbilicus 24. The lower support block 206 is free if a strain relief element. As will be shown later, the 
sole strain relief sleeve 212 distributes stresses so that localized stresses are minimized. 
[0130] . In the illustrated and preferred embodiment, a solvent (such as methylene chloride or methyl ethyl ketone) is 

20 also applted to the opposite ends of the Hytrel® 4056 Plastic Material of the umbilicus body 200 before the Hytre® 
8122 Plastic Material is over-molded to form the support blocks 204 and 206 and associated flanges 210 and strain 
relief sleeve 212. It has been observed that the application of solvent before over-molding increases the surface energy 
of the connection site, significantly increasing the strength of the connection between the block members 204 and 206 
and the umbilicus body 200. 

25 [0131] Instead of using a solvent, other methodologies can be used to strengthen the connection between the block 
members 204 and 206 (and associated flanges 210 and sleeve 212) and the umbilicus body 200. For example, the 
connection can be strengthened by etching the exterior of the main body 200 to increase the surface energy of the 
connection site. The etching can be accomplished by corona discharge or plasma discharge treatment. 
[01 32] Without increasing the surface energy of the connection site before over-molding, the block members 204/206 

30 and associated flanges 21 0/sleeve 21 2 are observed to de-laminate and peel away from the umbilicus body 200 when 
exposed to the stresses imposed during centrlfugation. Prenrwture failure of the overall umbllteus structure results. 
[0133] ' A thrust bearing member 214 Is secured about the coextmded main body 200 at a predetermined distance 
from the lower support block 206. 

[01 34] The thrust bearing member 21 4 (see Fig. 1 7, also) comprises an outer annular body 21 6 and an inner annular 
35 body 21 8. Ball bearings 220 support the inner body 21 8 for rotation within the outer body 21 6. The inner body includes 
a center hub 222 through which the umbilicus main body 200 passes to mount the thrust bearing member 214 on the 
umbilk;us main body 200. 

[0135] ' The hub 222 includes a rear collar 224 that projects outward beyond the inner/outer body assemblage. A clip 
226 fastens the collar 224 to the umbilicus body 200, thereby securing the thrust bearing member 214 to the umbilicus 
40 body 200. The collar 224 isolates the umbilicus body 200 from direct surface contact with the clip 226. The snug 
securing force can be applied by the clip 226 (via the collar 224) without significantly occluding or flattening the interior 
lumens 202 in the umbilicus body 200. 

[01 36] Alternatively, instead of an integral collar 224, a stop (not shown) can be attached by potting or over-molding 
about the unribilicus body 200 using a polyurethane compound. The stop can also.be physically secured at a desired 

45 location on the umbilicus body 200. in this arrangement, the thrust bearing 214 itself Is not attached at a fixed location 
on the body 200, but slides along the umbilicus body 200 and abuts against the stop during use. 
[0137] The thrust bearing member 214 can be made from various materials. In the illustrated and preferred embod- 
iment, the inner and outer bodies 21 6 and 21 8 are made from polyamide material like nylon'6.6. Other materials like 
polytetrafluoroethylene (PTFE)or acetal can also be used. The ball bearings 220 are made from hardened stainless 

50 steel. 

(V) Processing Assemblies for Platelet Collection 

[0138] The processing assembly 14 as just described can be configured to accomplish diverse types of processing 
55 techniques. Figs. 1 9 and 20 show representative disposable systems for accomplishing continuous platelet collection. 
Fig. 19 shows a single needle platelet collection system 28 (Figs 2; 3; and 11 also show the single needle system 28 
in association with the tray 26 and centrifuge assembly 12). Fig. 20 shows a two needle platelet collection system 30. 
[01 39] Each system 28 and 30 includes the processing chamber 16 and containers 20 interconnected by the fluid 
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circuit 1 8 carried by the organizer tray 26. The fluid circuit 1 8 for each system 28 and 30 includes the thr^e centralized 
pumping and valving cassettes, identified as 22A; 228; and 22C. The umbilicus 24 llnks the totating and non-rotatinq 
components in each system 28 and 30. » «» «««ing 

[0140J Other elements common to both systems 28 and 30 are also assigned the same reference number in the 
descriptions that follow. 

(A) The Processing Chamber 

101 41 ] The processing chamber 1 6 can be variously constructed. For example, it can be constructed like the double 
bag processing chambers shown In Cullis et al, U.S. Patent 4,146,172. ■ 

[0142] In the illustrated and preferred embodiment, the procUsIng chamber 16 in each system 28 and 30 is formed 
as an elongated flexible tube made of a flexible, biocompatible plastic material such as plasticlzed medical grade 
polyvi^^^^ The chamber 16 includes a first stage compartment 34 and a second stage compartment 36 

[01431 The first stage compartment 34 receives whole blood (WB). When subjected to centrifugal forces the first 
stage compartment 34 separates the WB Into red blood cells (RBC) and platelet rich plasma (PRP) 
[0144] The second stage compartment 36 receives PRP from the first stage compartment 32. When subjected to 
centnfugal forces, the second stage compartment 36 separates the PRP into concentrated platelets (PC) and Dlatelet- 
poor plasma (PPP). ^ ^ ' 

[01451 Speciflcdetallsoftheconstructionoftheprocessingchamber16arenotessentfaltoanunderstandm^ 
invention and can be found In copending U.S. Patent Application Serial No. 07/965,074, filed October 22 1992 and 
entitled "Enhanced Yield Blood Processing Systems and Methods Establishing Vortex Flow Conditions," which Is In- 
corporated herein by reference. 

[01461 In Figs; 1 9 and 20, the fluid circuit 18 includes five tubing branches 38/40/42^44/46 that communicate directly 
with the processing chamber 16. Three tubing branches 38/40/42 serve the first stage compartment 34 Two tubing 
branches 44/46 serve the second stage compartment 36. 

[0147] The tubing branch 40 carries WB Into the first stage compartment 34 for processing. The tubing branch 38 
carries separated PRP from the first stage compartment 34. The tubing branch third port 42 carries separated RBC 
from the first stage compartment 34. 

[0148] The tubing branch 46 carries PRP separated in the first compartment 34 into the second compartment 36 for 

furtherprocessing.Thetublngbranch44can'iesseparatedPPPfromtheseconcfstagecompartmem36,Thesepara^^^ 
PC remains in the second stage compartment 36 for later resuspension and collection, as will be explained later. 

(Bj The Single Needle Fluid Circuit 

[0149] In the illustrated and preferred configuration shown in Fig. 19, the cassettes 22/VB/C serve to segregate the 
flow paths of various categories of fluids and blood components from each other during processing. 
[0150] The cassette 22A principally handles the flow of fluids containing red blood cells, either as WB or as RBC 
The cassette 228 principally handles the flow of cellular-free fluids, either as PPP or anticoagulant The cassette 22C 
pnncipaliy handles the flow of fluids containing platelets, either as PRP or PC. ' 
[0151] More particulariy. the fluid circuit 18 for the single needle system 28 (see Fig. 19) includes a tubing branch 
32 that carries a phlebotomy needle 48 for drawing WB from a donor. A tubing branch 33 joins the tubing branch 32 
and leads to thecassette 22A: A tubing branch 100 carries an anticoagulant solution from a container 98 Into the tubing 
. branch cassette 228 (via a drip chamber 102). The anticoagulant flows from cassette 22B through tubing branch 92 
for addition to the WB before processing. A tubing branch 56 leads from the cassette 22A to convey anti-cdagulated 
WB to a resen/oir container 58. ' 
[0152] Another tubing branch 60 leads from the cassette 22A to convey antl-coagulated WB into the umbilicus 24 
via a drip chamber 64 and tubing branch 62. The umbilicus 24 joins tubing branch 40. which carries the antl-coagulated 
WB Into the first stage chamber 34 for separation into RBC and PRP 

[0153] The tubing branch 42 carries the separated RBC from the first stage chamber 34 through the umbilicus 24 
The umbilicus 24 joins the tubing branches 64, 66, and 68. which lead to a reservoir container 70 for RBC. 
[0154] A tubing branch 72 joins tubing branch 68 to carry RBC from the reservoir container 70 to the cassette 22A 
The tu bing branch 74 leads from the cassette 22A to carry RBC to the tubing branch 32. which leads to the phlebotomy 
needle 48. ^ ' 

[0155] The cassette 22A thereby directs the flow of antl-coagulated WB from the donor into the first stage compart- 
ment 34. The cassette 22A also directs the flow of separated RBC from the first stage compartment 34 back to the donor 
[0156] These flows are sequenced to proceed in two cycles. One cycle draws WB from the donor, while the other 
returns RBC to the donor. 

[0157] In the draw cycle, the single needle system 28 collects through the cassette 22A a predetermined volume of 
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anti-coaguialed WB In the reservoir container 58 (through tubing branches 32/33/56), while conveying the rest of the 
anti-coagulated WB continuously to the first stage compartment 34 for separation (through tubing branches 
32/33/60/62/40). During the draw cycle, the system 28 also contimjously collects the separated RBC in the reservoir 
container 70 (through tubing branches 42/64/66/68). 

[0158] In the return cycle, the system 28 continuously conveys through the cassette 22A ami-coagu)ated WB from 
the reservoir container 58 Into the first stage compartment 34 for separation (through tubing branches 56/60/62/40). 
At the same time, the system 28 returns through the cassette 22A the RBC collected in the resen/oir container 70 to 
the donor (through tubing branches 68/72/74/32) as well as those RBC being then separated In the first stage com- 
partment 34 (via tubing branches 64 and 66. joining tubing branch 68). 

[01 59] This two cycle sequence through the cassette 22A assures that anti-coagu lated WB is continuously conveyed 
to the first stage compartment for separation, either from the donor (during the draw cycle) or from th© WB reservoir 
container 58 (during the return cycfe). 

[01 80] The tubing branch 86 carries separated PRP from the first stage compartment 34 through the umbilicus 24 

to the cassette 22C. 

[0161 J A portion of the PRP Is conveyed from the cassette 220 through tubing branch 80, Tubing branch 80 leads 
to the umbilicus 24, which joins tubing branch 46. which takes the PRP Into the second stage compartment 36 for 
further separation Into PPP and PC. 

[0162] In the illustrated and prefenred embodiment, the tubing branch 80 can-les an In line filter 82. The filter 82 
removes (eulcocytes from the PRP before it enters the second stage compartrnenl 36 for separation. . 
[01 63] Another portion of the PRP is conveyed from the cassette 22C through tubing branch 84 to the drip chamber 
64, where it mixes with the anti-coagulated WB being conveyed into the first stage compartment 34. This recirculation 
of PRP improves the yield of platelets. 

[0164] Further details of the In line filtration and recirculation of PRP are not essential to.an understanding of the 
invention and are disclosed in copending patent application 08/097,454, fiied July 26, 1 993, and entitled "Systems and 
Methods for Reducing the Number of Leukocytes In Cellular Products Like Platelets Harvested for Therapeutic Pur- 
poses." 

[01651 The tubing branch 44 carries Pf;>P from the second stage compartment 36 through the umbilicus 24 and to 
tubing branch 76, which leads to the cassette 22B. Tubing branch 88 carries the PPP from the cassette 22B to a 
reservoir container 90. 

[0166] During processing, a portion of the PPP collected iri the reservoir container 90 is returned to the donor with 
the RBC during the return cycle. This portion of PPP Is conveyed from the reservoir container 90 through tubing branch 
66 via the cassette 22B to tubing branch 72. which Joins the tubing branch 33 via cassette 22A. At the same lime, PPP 
then being separated in the second stage compartment 36 is returned to the donor through tubing branches 85 and 
76 to the tubing branch 66 via the cassette 22B. 

[0167] Another portion of the PPP collected in the reservoir container 90 Is used to resuspend PC in the second 
stage compartment 36 after separation ends. This portion of PPP is conveyed from the reservoir container 90 through 
tubing branch 88 via the cassette 228, back through tubing branch 76, the umbilicus 24, and tubing branch 44 into the 
second stage compartment 36. There, the PPP resuspends PC accumulated in the compartment 36. The tubing branch 
46 conveys resuspended PC from the compartment 36, through the umbilicus 24 to tubing branch 86, which joins the 
cassette 22C. Tubing branch 94 conveys resuspended PC from the cassette 22C to collection containers 96. 
[0168] Other portions of the PPP collected in the reservoir contatfier 90 can also be used for additional processing 
purposes. For example, the PPP (which canries most of the anticoagulant added during processing) can serve as an 
anti-coagulated "keep open" fluid, to keep the phlebotomy needle 48 open during lulls in processing. The PPP can 
also be used as a "final flush" fluid, to purge the tubing branches after processing. 

[0169] The PPP remaining in the reservoir container 90 after processing can be stored for therapeutic purposes. 
[0170] Further details of the collection and use of PPP as a processing aid are not essential to an understanding of 
the invention and are disclosed in copending patent applications 08/097,987, filed July 26, 1 993 and entitled "Systems 
and Methods for On Line Collection of Cellular Blood Components that Assure Donor Comfort" and 08/097,2293. filed 
July 26, 1 993, and entitled "Systems and Methods for On Line Collecting and Resuspending Cellular Blood Products 
Lil^e Platelet Concentrate." 

[0171] Container 50 holds a saline priming solution, which is used to purge air from the system 28 before processing. 
Tubing branch 52 carries the saline from the container 50 (via the.drip chamber 54) to cassette 22A.' The saline is 
conveyed from the cassette 22A into the processing chamber 16 via tubing branches 60 and 62, and from there to the 
rest of the system 28 along the tubing branches already described. 

(C) The Double Needle Fluid Circuit 

[01 72] In the illustrated and pref en-ed configuration shown in Fig. 20, the cassettes 22A/B/C also sewe to segregate 
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the flow paths of various categories of fluids and blood components from each other during processing. 
101731 As In the Fig. 1 9 emlwdlment, the cassette 22A principally handles the flow of fluids containing red btood 
cells, either as WB or as RBC. The cassette 22B principally hancfles the flow of cellular-free fluids, either as PPP or 
anticoagulant. The cassette 22C principally handles the flow of fluids containing platelets, either as' PRP or PC. 
101741 More particularty, the fluid circuit 1 8 for the single needle system 30 (see Fig. 20) includes a tubing branch 
69 that carries a phlebotomy needle 49 for drawing WB from a donor. Tubing branches 100 carries an anticoagulant 
solution from a container 98 into the tubing branch 92 (vfa a drip chamber 102 and cassette 22B) for addition to the 
WB before processing. 

[01751 The WB is drawn through'needle 49 from tbe donor and conveyed to the cassette 22A through tubing 59 and 
74. Another tubing branch 60 leads from the cassette 22A to convey anti-coagulated WB Into the umbilicus 24 via a 
drip chamber 64 and tubing branch 62. The umbilicus 24 joins tubing branch 40, which carries the antlKwagulated WB 
into the first stage chamber 34 for separation into RBC and PRP. 

[0176] The tubing branch 42 cames the separated RBC from the first stage chamber 34 through the umbilicus 24 
The umbilicus 24 joins the tubing branches 64 and 66 to cany RBC to the cassette 22A. The tubing branch 32 leads 
from the cassette 22A to carry RBC to a second phlebotomy needle 48. 

[01771 In Fig. 20. the cassette 22A thereby directs the flow of anti-coagulated WB from the donorfrom the first needle 
49 into the first stage compartment 34. The cassette 22A also directs the flow of separated RBC from the first stage 
compartment 34 back to the donor through the second needle 48. Unlike the sequenced draw and return cycles in the 
singie needle system 28. the incoming and outgoing flows through the two needles 49 and 48 occur simultaneously In 
the system 30. As in the single needle system 28, anti-coagulated WB is continuously conveyed to the first stage 
compartment for separation In the double needle system 30. 

[0178] In the double needle system 30, the tubing branch 86 carries separated PRP from the first stage compartment 
34 through the umbilicus 24 to the cassette 220. 

[0179] A portion of the PRP is likewise conveyed from the cassette 22C through tubing branch 80: Tubing branch 
80 leads to the umbilteus 24, which joins tubing branch 46, which takes the PRP into the second stage compartment 
36 for further separation Into PPP and PC. 

[0180] In the illustrated and preferred embodiment, the tubing branch 80 also carries an in line filter 82. The filter 82 

removes leukocytes from the PRP before It enters the second stage compartment 36 for separation. 

[01 81] Another portion of the PRP is conveyed from the cassette 22C through tubing branch 84 to the drip chamber 

64, where it mixes with the anti-coagulated WB.beIng conveyed Into the first stage corripartment 34. 

[0182] , The tubing branch 44 carries PPP from the second stage compartment 36 through the umbilicus 24 and to 

tubing branch 76, which leads to the cassette 22B. Tubing branch 88 carries the PPP'from the cassette 22B to a 

reservoir container 90. 

[0183] As In the single needle system 28, a portion of the PPP collected In the reservoir container 90 in the double 
needle system 30 is retumed to the donor with the RBC during the return cycle. This portion of PPP Is conveyed from 
the resen^oir container 90 through tubing branch 88 via the cassette 22B to tubing branch 66, whfeh leads to tubing 
branch 32 and the second needle 48 via cassette 22A. 

[0184] As in the single needle system 28, another portion of the PPP collected in the reservoir container 90 is used 
in the double needle system 30 to resuspend PC in the second stage compartment 36 after separation ends, In the 
same manner already described. As already described, tubing branch 94 conveys resuspended PC from the cassette 
22C to collection containers 96.. 

[0185] As In the single needle system 28, the PPP In the reservoir container 90 can serve as an anil-coagulated 
. "keep open" fluid or as a "final flush" fluid. Ihe PPP remaining in the reservoir container 90 after processing can be 
stored for therapeutic purposes. 

[0186] As in the single needle system 28, container 50 holds a saline priming solution, which is used to purge air 
from the system 28 before processing. In the two needle system 30, tubing branch 53 leads from the container 50 
through drip chambers 54 and 57 into cassette 22A, and from there Into the first stage compartment 34 for distribution 
throughout the rest of the system 30. 

[0187] The system 30 includes a waste bag 1 06 connected to cassette 22A via tubing branch 1 04 to collect air during 
priming. The waste bag 1 06 is also used to purge air from the system 30 during use. in the single needle system 28, 
containers 58 and 70 serve to collect air during priming and processing. 

[01 88] The bag 1 06 (in system 30) and bags 58/70 (in system 28) also sen/e as buffers to collect excess fluid pressure 
from the processing chamber 16. 

II. THE CENTRIFUGE ASSEMBLY 

[0189] The centrifuge assembly 12 (see Figs. 1 and 21) cames theoperating elements essential for a diverse number 
of blood processing procedures under Ihe direction of an onboard controller. 
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[01901 As Figis. 1 and 21 show, the centrifuge assembly 12 is housed with a wheeled cabinet 228. which the user 
can easily move from place to place. It should be appreciated that, due to Its compact form, the centrifuge assembly 
1 2 also could be made and operated as a tabletop unit. 

[0191] The centrifuge assembly 12 Includes a centrifuge 230 (see Figs. 21 and 22) mounted for rotation inside a 
compartment 232 of the cabinet 228. The compartment 232 has a foldK)pen door 234. The user folds the door 234 
open (see Fig. 22) to gain access to the centrifuge 230 to load and unload the processing chamber 1 6 of the fluid circuit 
18. As Fig. 21 shows, the user folds the door 234 close to enclose the centrifuge 230 inside the compartment 232 for 
use (as Fig. 1 also shows). 

[01921 The centrifuge assembly 12 also includes three cassette control stations 236 A/B/C (see Fig. 23), one for 
each cassette 22' A/B/C. The cassette control stations 236 fiJB/C are located side by side on a sloped outside panel 
238 of the cabinet 228. The outside panel 238 also carries the shut-off clamps 240, hemolysis sensor 244A, and air 
detector 244B associated with the centrifuge assembly 1 2 (see Fig. 23). * 
[0193] The centrifuge assembly 12 includes a processing controller 246. The controller 246 governs the operation 
of the centrifuge assembly 12. The processing controller 246 preferably Includes an integrated input/output terminal 
248 (also seen on Rg. 1), which receives and display Information relating to the processing procedure. 
[01 94] The following description provides further details of these and other components of the centrifuge assembly 



(I) The Cassette Contfoi Stations 

[01951 'n use, each control station 236A/B/C holds one cassettes 22A/B/C (see Fig. 25). The control station are all 
constructed alike, so the details of only one station 236A will be provided. In use, the station holds the cassette 22A. 
[0196] The control station 236A (see Figs. 24 and 25) Includes a cassette holder 250. The holder 250 receives and 
grips the cassette 22A along two opposed sides 1 32A and B in the desired operating position on the control station236A. 
[0197] The holder 260 urges the diaphragm 116 on the front cassette side 112 into Intimate contact with a valve 
module 252 on the control station 236 A. The valve module 252 acts in concert with the valve stations V1/V10 and' 
sensing stations S1/S2/S3/S4 ift the cassette 22A. 

[0198] The control station also Includes a peristaltic pump module 254. When the cassette 22A is gripped by the 
holder 250, the tubing loops 134 and 136 make operative engagement with the pump module 254. 
[0199] The controller 246 governs the operation of holder 250 on each control station 236A/B/C to grip the cassettes 
22A/B/C upon receipt of a preselected command signal. The controlier246 then proceeds to govern the operation of 
the valve module 252 and pump module 254 on each control station 236A/B/C to convey liquids through the cassettes 
22A/B/C to achieve the processing objectives of the system 10. 

(A) The Cassette Holders 

[0200] Figs. 26 and 27 show the details of construction of the cassette holder 250. 

[0201] Each holder 250 includes a pair of diametrically spaced gripping elements 256 (which Figs. 24 and 25 also 
show). The elements 256 are housed within covers 258 on the sipped front panel 238 of the cabinet 228. 
[0202] Each gripping element 256 is carried on a shaft 260 for rocking movement. The element 256 rocks between 
a fonward position, gripping the associated cassette 22A (see Fig. 27), and a reanvard position, releasing the associated 
cassette 22A (see Fig. 26). - - 

[0203] A biasing tab 262 projects from the rear of each gripping element 256. A spring loaded pin 264 pushes against 
the tab 262, urging the element 256 forward into its gripping position. 

[02041 The.front of each gripping element 256 projects.beyond the cover 258. The front includes a sloped cam face 
266 that leads to a recessed detente 268. When the cassette 22A Is lowered upon the station 236 A (see Fig. 26), the 
side edges 132A/B of the cassette 22A contact the sloped cam face 266. Pressing against the back panel 118 of the 
cassette 22A slides the side edges 132A/B down the cam face 266. The sliding contact rocks the gripping elements 
256 reanward against the biasing force of the spring loaded pin 264. 

[0205] The gripping elements 256 open to receive the descending cassette 22A, until the cassette side edges 1 32M 
B reach the recessed detente 268 (see Fig. 27). This relieves the rearward rocking force against the cam surface 266. 
The biasing force of the spring loaded pins 264 rock the gripping elements 256 forward, capturing the cassette side 
edges 1 32A/B within the recessed detenles 268. The biasing force of the spring loaded pins 264 reteasably clamp the 
gripping elements 256 against the cassette side edges 132A/B. 

[0206] The biasing force of the spring loaded pins 264 can be overcome by lifting upward upon the cassette 22A. 
The upward lifting moves the cassette side edges 132A/8 against the detentes 268. rocking the gripping elements 256 
rearward to open and release the cassette 22A (as Fig. 26 shows). 

[0207] In the illustrated and preferred embodiment, each holder 250 includes a mechanism 270 (see Figs. 28 to 30) 
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that selectively prevents the removal of the cassette 22A. The mechanism 270 locks the gripping elements 256 into 
their forward ctamp position. 

[020B] The locking mechanism 270.can vaiy In construction. In the illustrated embodiment (as Figs. 28 to 30 show), 
the mechanism 270 Includes a locking tab 272 that projects from the rear of each gripping element 256. The mechanism 
5 270 further tncfudes a lockmg screw 274 associated with each tockmg tab 272. An electric motor 278 rotates the screw 
274 within a stationary fen^uie 276. causing the screw 274 to move upward and downward. 
[0209] Upward movement brings the screw 274 into contact against the locking tab 272 (see Figs. 28 to 30). This 
contact prevents rearward movement of the grfpplrig element 25i5, locking the element 256 in its forward, gripping 
position. 

10 [02101 In this position, the screw274 prevents removal of the cassette 22A from the grip of the element 256, providing 
the positive force F1 (see Fig. 8) that seats the cassette diaphragm 116 against the upstanding edges 120. 
[02111 Operation of the motor 278 to move the screw 274 downward frees contact with the locking tab 272 (see Rg. 
27). The gripping element 256 is now free to rock fonward and rearward in response to cassette movement/in the 
manner already described. 

'5 [02121 . In the illustrated and preferred embodiment (see Figs. 31 to 34), the locking mechanism 270 can be; nranually 
disabled. The locking tab 272 is carried on a shaft 280 that teminates In a turn key 282 accessible on front cam surface 
266 (best seen In Fig. 30). A conventional screw driver blade 284 mates, with the turn key 282. 
[0213] Rotation of the turn key 282 by the blade 284 rotates the locking tab 272 out of the uppermost reach of the 
locking screw 274 (see Figs. 32 and 33). When the locking screw 274 is In Its uppemnost position, the rotatfon breaks 

20 contact between the locking lab 272 and screw 274. This frees the gripping element 256 to rock reanward to release 
the cassette 22A (see Fig. 34). 

[021 41 Therefore, should a power or mechanical failure prevent actuation of the motor 278, the cassette 22A can be 
manually released from the elements 256 without lowering the locking screw 274. 

2S IB) The Cassette Valve Module 

[02151 Referring back to Fig. 24, the valve moduie-252 on each control station 236AyB/C contains an array of valve 
assemblies 286 located between the gripping elernents 256. The force F1 that the gripping elements 256 exert (see 
Rg. 8), hold the diaphragm 116 of the cassette 22A in intimate contact against the valve assemblies 286. 
30 [021 6] In the Illustrated and preferred embodiment (as Fig. 24 shows), a thin elastomeric membrane 288 Is stretched 
across the vah/e essevpbly 286, serving as a splash guard. The splash guard membrane 288 keeps liquids and dust 
oiit of the valve assembly 286. The splash guard membrane 288 can be periodically wiped clean when cassettes are 
exchanged. 

[021 71 The valve assembly 286 includes ten valve actuating pistons PA1 to PA1 0 and four pressure sensing trans- 
35 ' ducers PS1 to PS4. The valve actuators PA1 to PA1 0 and the pressure sensing transducers PS1 to PS4 are mutually 
arranged to form a mirror image of the valve stations VI to V10 and sensing stations SI to S4 on the front side 112 of 
the cassette 22A. 

(021 8J When the cassette 22A is gripped by the eiements 266, the valve actuators PA1 to PA1 0 align with the cassette 

valve stations VI to V10. At the same time, the pressure sensing transducers PS1 to PS4 mutually align with the 
40 cassette sensing stations S1 to S4. 

[0219] Each valve actuator PA1 to PA10 comprises an electrically actuated solenoid piston 290. Each piston 290 is 

independently movable between an extended position and a retracted position. 
. [0220] When in its extended position, the piston 290 presses against the region of the diaphragm 1 1 6 that overlies 

the associated valve station VIA/10 (exerting the force F2 shown In Fig. 8). In this position, the piston 290 flexes the 
^5 diaphragm 116 into the associated valve station to seat the diaphragm 116 against the ring 124, and thereby seal the 

associated valve port 122A. This closes the valve station to liquid flow. 

[0221] When in Its retracted position, the piston 290 does not apply force against the diaphragm 116. As before 
described, the piastk; memory of the diaphragm 116 unseats It from the valve ring 124 (as Fig. 8 shows), and thereby 
opens the valve station to liquid flow. 
so [0222] The pressure sensing transducers PS1 to PS4 sense liquid pressures in the sensing stations S1 to S4. The 
sensed pressures are transmitted to the controller 246 as part of Its overall system monitoring function. 

(C) The Cassette Pumping Rflodute 

55 [0223] As Figs. 24 and 25 show, in the illustrated and preferred embodiment, each cassette pumping module 254 
Includes a pair of peristaltic rotor assemblies 292. The rotor assemblies 292 face each other at opposite ends of the 
valve assembly 286. 

[0224] A rear wall 294 extends about half way around the back side of each rotor assembly 292 (see Figs. 24 and 
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25). The space between the rear wall 294 and the rotor assembly 292 fonns a pump race 296. When the cassette 22A 
Is gripped by the elements 256. the tubing loops 134 and 136 extend into the pump race 296 (see Fig. 41). 
[0225] As before described, the tube connectors 14/15 and T6n7 from which the loops 134 and 136 extend slope 
in the direction the pump rotor assemblies 292 (see Fig. 44A). The angled connectors TI/TZ and T9/Tt0 orient the 
s loops 134 and 136 relative to the race 296 white loading the cassette 22A onto the station 238A (see Figs. 44A and 
44B). This aspect will be described in greater detail later. 

[0226] Referring back to Figs. 24 and 25, each rotor assembly 292 Includes a rotor 298 that carries a pair of diamet- 
rically spaced rollers 300. In use. as the pump rotor 298 rotates, the rollers 300 In succession compress the associated 
tubing loop 134/136 against the rear wall 294 of the pump race 296. This well known peristaltic pumping action urges 
10 fluid through the associated loop 134/136. 

[0227] In the illustrated and preferred embodiment, each rotor assembly 292 includes a self-loading mechanism 302. 
The self-loading mechanism 302 assures that the tubing loops 134/136 are properly oriented and aligned within their 
respective pump races 296 so that the desired peristaltk: pumping action occurs. 

[0226] While the specific structure of the self-loading mechanism 302 can vary» In the illustrated embodiment, it 
IS includes a pair of guide prongs 304 (see Figs.. 24 and 25). The guide prongs 304 extend from the top of each rotor 298 

along opposite sides of one of the pump rollers 300. 
. [0229] In this arrangement, the loading mechanism 302 also includes a roller locating assembly 306 (see Figs. 35 

to 40). The locating assembly 306 moves the pump rollers 300 radially of the axis of rotation. The rollers 300 move 

between a retracted position within the associated pump rotor 298 (see Figs. 37 and 38) and an extended position 
20 outside the associated pump rotor 298 (see Figs. 39 and 40). 

[0230] When retracted (see Figs. 37 and 38), the rollers 300 make no contact with the loops 1 34/1 36 within the races 

296 as the rotors 298 rotate. When extended (see Figs. 39 and 49), the rollers 300 contact the loops 134/136 within 

the races 296 to pump fluid in the manner just described. 

[0231] The roller locating assembly 306 also may be variously constructed, in the Illustrated and prefered embod- 
25 iment (see Figs. 35 and 36), the assembly 306 Includes an actuating rod 308 that extends along the axis of rotation of 
the associated roller 298. One end of the actuating rod 308 is coupled to a linear actuator 310 (see Fig. 26). The 
actuator 310 advances the rod 308 toward the pump rotor 298 and away from the pump rotor 298 In response to 
controller commands (as the arrows A in Fig. 36 show). 

[0232] The other end of the rod 308 is attached tp a first trunnion 312 within the rotor 298 (see Figs. 35 and 36). 
30 Movement of the rod 306 toward and away from the rotor 298 slides the first trunnion 312 general^ along axis about 
vyhich the rotor 298 rotates (i.e., along an'ows A in Fig. 36). 

[0233] ' A first link 314 couples the first trunnion 31 2 to a pair of second trunnions 316, one associated with each roller 
300. In Fig. 36, only one of the second trunnions 316 Is shown for the sake of illustration. The first link 314 displaces 
the second trunnions 316 in tandem in a direction generally transverse the path along which the first trunnion 312 
35 moves (as shown by arrows B in Fig. 36). The second tmnn ions 316 thereby move in a path that is perpendk:ular to 
the axis of rotor rotation (that is, an-ows B are generally orthogonal to arrows A in Fig. 36). 
[0234] Each pump roller 300 is carried by an axle 31 8 on a rocker arm 320. The rocker amis 320 are each, in turn, 
coupled by a second link 322 to the associated second trunnion 31 6. , 

[0235] Displacement of the second trunnions 31 6 toward the rocker arnr^s 320 pivots the rocker arms 320 to move 
^0 the rollers 300 in tandem toward their retracted positions (as shown by arrows C In Fig. 36). 

[0236] Displacement of the second trunnions 3 1 6 away from the rocker arms 320 pivots the rocker amis 320 to move 
' the rollers 300, In tandem toward their extended positions. 

* [0237] Springs 324 nonmally urge the second trunnions 31 6 toward the rocker arms 320. The springs 324 normally 
bias the rollers 300 toward their retracted positions. 
45 [0238] In this arrangement, movement of the actuator rod 308 away from the rotor298 displaces the second trunnions 
316 against the action of the springs 324, pivoting the rocker anrns 320 to move the rollers 300 into their extended 
positions. Movement of the actuator rod 308 toward the rotor 298 augments the spring-assisted retunn of the rollers 
300 to their retracted positions. 

[0239] The independent action of each spring 2iZA against its associated second trunnions 316 and links 314 places 
50 tension upon each individual pump roller 300 when in its extended position. Each roller 300 thereby independently 
accommodates, within the compression limits of Its associated spring 324, for variations in the geometry and dimen- 
sions of the particular tubing loop 134/136 it engages. The independent tensioning of each roller 300 also accommo- 
dates other mechanical variances that may exist within the pump module 254, again within the compression limits of 
its associated spring 324. 

55 [0240] As Fig. 26 shows, a small brushiess direct cun-ient motor 326 drives each peristaRtc pump rotor 298. A gear 
assembly 328 couples the motor 326 to the associated rotor 298. 

[0241] In the Illustrated and preferred embodiment (see Fig. 26), the actuator rod 308 rotates with its associated 
rotor 298 within the fii^st trunnion 312. The other end of the rotating actuator rod 308 passes through a thrust bearing 
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330. The thrust bearing 330 has an outer race 352 attached to a shaft 334 that is an Integral part of the linear actuator 
310. 

[0242] In the illustrated embodiment, the linear actuator 31 0 Is pneumatically operated, although the actuator 31 0 
can be actuated in other ways. In this arrangement, the actuator shaft 334 Is carried by a diaphragm 336. The shaft 
334 moves toward the rotor 298 in response to the application of positive pneumatic pressure by the controller 246. 
thereby reiracting the rollers 300. The shaft 334 moves away from the rotor 298 In response to negative pneumatic 
pressure by the controller 246, thereby extending the rollers 300. 

[0243] In the illustrated and preferred embodiment (see Fig. 26), the actuator shaft 334 carries a small magnet 338. 
The actuator 310 carries a hall effect transducer 340. The transducer 340 senses the proximity of the magnet 338 to 
deterniine whether the shaft 334 is positioned to retract or extend the rollers 300. The transducer 340 provides an 
output to the controller 246 as part of its overall monitoring function. 

(02441 . Referring now to Fig. 41 , in use, the controller 246 actuates the actuator 31 0 to retract the rollers 300 before 
the cassette 22A is loaded onto the station 236A. The controller 246 also positions each rotor 298 to orient the guide 
prongs 304 to face the valve module 252, I.e. , to face away from the associated pump race 296. 
[0245J The cassette 22A Is loaded into the gripping elements 256, as already described. The sloped connectors 
T1/r2 and T9/ri 0 initially guides the loops 134/136 directly into the pump races 296 (see Figs. 41 and 44A), The guide 
prongs 304. being positioned away from the pump race 296, do not obstruct the loading procedure. 
[0246] Subsequent rotation of the rotor 298 (see Figs. 42 and 43) moves the guide prongs 304 Into contact with the 
top surface of the tubing loops 134/136. This contact compresses the tubing loops 134/136 Into the purnp race 296. 
This orients the plane of the tubing loops 134/136 perpendicular to the rotational axis of the rotor 298 (as Fig. 44B 
shows). Several revolutions of the rotor 298 will satisfactorily fit the tuning loop 134/136 into this desired orientation 
within the race 296. As already pointed out, the retracted rollers 300 serve no pumping function during this portion of 
the self-loading sequence. 

[0247] As Fig. 44B shows, the cassette port connectors T4/T5 constrain the spacing between the tubing loops 
1 34/1 36. The angled orientation of the connectors T4/T5 assure that the tubing loops 1 34/1 36 are slightly compressed 
within the races 296. when oriented perpendicular to the rotors 298 for use. 

[0248] This arrangement substantially eliminates variances in orientation or alignment of the tubing loops 134/136 
within the races 296. The desired unifomi linearity between pump rate and pump rotor speed Is thus directly related 
to the mechanics of the pump rotor assembly 292 Itself. It Is not subject to random variation because of tubing loop 
misorlentatlon or misalignment within the race 298 during the loading process. 

[0249] Once the tubing loop 134/136 is fitted within the pump race 296. the controller 246 actuates the roller posi- 
tioning mechanism 306 to extend the rollers 300 (see Fig. 46). Subsequent rotation of the rotor 298 will squeeze the 
tubing loop 134/136 within the race 296 to pump liquids In the manner already described. 
[0250] When it Is time to remove the cassette 22A. the controller 246 again retracts the rollers 300 and positions the 
rotor ^98 to orient the guide prongs 304 to face away from the pump race 296. This opens the pump race 296 to easy 
removal of the tubing loop 134/136. 

[0251] The roller positioning mechanism 306 can also be actuated by the controller 246 to serve a valving function: 
The rotor 298 can be stopped with one or more rollers 300 occupying the race 296. The rollers 300, when extended 
(see Fig. 46) occlude the associated tubing loop 134/136. Retracting the rollers 300 (see Fig. 45) opens the associated 
tubing loop 134/136. 

[0252] Selectively retracting and extending the stationary roller 300 serves a valving function to open and close the 
liquid path through the tubing loop 134/136. 

[0253] In a prefen'ed embodiment, each pump rotor assembly 292 just described measures about 2.7 Inches In 
dianneter arid about 6.5 Inches in overall length, including the motor 326 and the linear actuator 310. The pump rotor 
assembly 292 is capable of providing pumping rates In the range between a few miliiliters per minute to 250 milliliters 
per minute. 

[0254] As shown in Fig. 25, the cassettes 22A/B/C arc lowered in tandem with, the tray 26 onto the control stations 
23eA/B/C. The tray chambers 1 52 A/B/C fit over the pump rotors 298. while the hollow ridges 1 56 fit over the gripping 
element covers 258. 

[0255] These preformed parts of the tray 26 thereby serve as protective covers for operating components of the 
centrifuge assembly '1 2, shielding them against ingress of liquids and operator contact during use. 

(H) The Centrifuge 

[0256] As Figs. 21 and 21 A show, weight bearing wheels 450 support the centrifuge cabinet 228 on the surface 452; 
The support surface 452 lies generally in the horizontal plane. 

[0257] The centrifuge 230 rotates about an axis 344 within the compartment 232. As Fig. 21 A shows, unlllce cori- 
ventional centrif uges, the rotational axis 344 of the centrifuge 230 is not oriented perpendicular to the horizontal support 



18 



EP0 893 603B1 



surface 452. Instead, the rotational axis slopes In a plane 454 outside the vertical plane 456 toward the horizontal 
support surface 452 (see Fig. 21 A). - 

[02581 The centrifuge 230 is supported within the compartment 232 outside the vertical plane 456 such that Its rotating 
components lie near the access door 234 (see Rg. 21). In this way. opening the door 234 provides direct access to 
the rotating components of the centrifuge 230. 

[0259] The sloped orientation of rotational axis 344 allows the centrifuge 230 to be mounted In a way that conserves 
vertical height. 

[0260] The exterior panel 238, where the principal operating components associated with the centrifuge 230 are 
supported, lies in a plane 458 (see Rg. 21 A) that is not parallel to the horizontal support plane 462. Instead, the panel 
238 slopes outside the horizontal plane toward the vertical plane 450. The sloped panel plane 238 intersects the plane 
454 in which the rotational axis 344 of the centrifuge 230 lies, forming the intersection angle p (see Rg. 21 A). 
[0261] In this orientation (as Figs. 21 and 21 A show), the bottom edge 460 of the sloped panel 238 lies near the 
access door 234. In this arrangement, a majority of the centrifuge 230 extends beneath the exterior panel 238. 
[0262] The sloped orientation of panel 230 conserves horizontal depth. . 

[0263] The angled relationships established between the rotational axis 344 of the centrifuge 230 and the pl^ne 458 
of the panel 238 mal<e It possible to place the rotating centrifuge components for access in a zone that lies between 
the knees and chest of the average person using the machine. These relationships also malce it possible to place the 
stationary functional components ill<e pumps, sensors, detectors, and the Wke for access on the panel 238 by the user 
within the same zone. IVIost preferably, the zone ties around the waist of the average person. 
[0264] Statistics providing quantitative Information about the location of this prefen'ed access zone for a range of 
people (e.g., Large Man, Average Man/Large Woman, Average Adult, Small Man/Average Woman, etc:) are found in 
the Humanscale™ Series Manuals (Authors: Niels Diffrient et al., a Project of Henry Dreyfuss Associates), published 
by the MIT Press, Massachusetts Institute of Technology, Cambridge, Massachusetts, 

[0265] As will be shown later, these angled relationships established among the rotating and stationary components 
of the centrifuge assembly 12 provide significant ergonomic benefits that facilitate access to and operation of the 
assembly 12. . 

[0266] Within these constraints, and depending upon the particular structure of the centrifuge assembly 1 2, the ro- 
tational axis 344 can extend parallel to the horizontal plane 452, or (as Figs. 21 and 21 A show) at an angle somewhere 
between the horizontal support plane 452 and the vertical plane 456. 

[0267] Within these constraints, the panel Intersection angle p can extend in a range fixed on the lower end by the 

need to avoid Interference between the centrifuge components within the compartment 232 and the pump and sensor 

components mounted below the panel 238. The range for the angle p is fixed on the upper end by the need to avoid 

interference with hanging solution containers 20 and other components mounted above the panel. 

[0268] In the Illustrated and preferred embodiment (see Fig. 21 A), the plane 454 In which the rotatlon-al axis 344 of 

the centrifuge 230 lies extends at about a 45** angle with respect to the horizontal support plane 452. 

[0269] In the illustrated and pretended embodiment, the vertical height between the support surface 452 and the top 

of the centrifuge 230 (identified as D1 in Fig. 21 A) Is about 30". This places the centrifuge 230 within the desired access 

zone of a statistically "typical" small woman, when standing, as defined by the above identified HurrianscaleTM series 

Manuals. . 

[0270] In the illustrated and pretended embodiment (see Fig. 21 A), the panel 230 has an overall . length of about 18 
Inches (designated D2 in Fig. 21 A). The intersection angle p is about 70^ In this orientation, the horizontal depth of 
the centrifuge assembly 1 2 (Identified by D3 in Rg. 21 A), measured between the plane 464 of the rotational axis 344 
and the back edge of the panel 230. Is about 24 inches. 

[0271] This places ail the components mounted on and above the panel 230 within the comfortable horizontal reach 
of the statistically "typical small* woman (as defined above), when standing, without need to oven-each or over-extend. 
[0272] These relationships can be structurally achieved in various ways. In the Illustrated and preferred embodiment 
(see Figs. 47 and 48), the underlying stmctural support for the cabinet 228 includes angled side braces 462 in the 
perimeter of the compartment 232. A transverse support bracket 464 is fastened between the side braces ;462. 
[0273] A stationary platform 346 canries the rotaUng mass of the centrifuge 230. The platfonrn 346. and therefore the 
entire rotating mass of the centrifuge 230, are mounted on the transverse support bracket 464 by a series of spaced 
apart flexible mounts 468. The flexible mounts 468 support the rotating mass of the centrifuge 230 at the described 
inclined, nonperpendicular relationship. 

[0274] Preferably (as Figs. 47 and 48 show), a spill shield 470 is attached to the stationary platform 346. The shield 
470 enclose all but the top portion of the rotating components of the centrifuge 230 (as Fig. 22 also shows). 
[0275] As shown in Fig. 49. the rotating components of the centrifuge 230 Include a centrifuge yoke assembly 348 
and a centrifuge chamber assembly 350. The yoke assembly 348 rotates on a first axle 352. The chamber assembly 
350 rotates on the yoke assembly 348 on a second axle 354. The first and second axles 352 arid 354 are commonly 
aligned along the rotational axis 344. 
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[0276] The yoke assembly 348 includes a yoke base 356, a pair of upstanding yoke arms 358, and a yoke cross 
member 360 mounted between the arms 358. The base 356 Is attached to the first axie 352, which spins on a bearing 
element 362 about the statibnafy ptatfomi 346 (see Fig. 58. also). 

[0277] An electric drive 364 rotates the yoke assembly 348 on the first axle 352. In the illustrated and preferred 
5 embodiment, the electric drive 364 comprises a penmanent magnet, brushless DC motor 

[0278] The chamber assenr^bfy 350 Is attached to the second axle 354, which spins on a bearing element 366 in the 
yoke cross member 360 (see Fig. 58, also). 

[0279] As Fig. 49 shows, one end of the yoke cross member 360 is mounted by a pivot hinge 368 to a yoke arm 358. 
The yoke cross member 360 and the chamber assembly 350 attached to It pivot as a unit about the hinge 368 between 

10 an operating position (shown in Rg. 49) and a loading position (shown in Figs. 50 and 51 ). 

[0280] When in the operating position (see Fig. 49), the chamber assembly 350 assumes a downward facing, sus- 
pended orientation on the yoke cross member 360. The other end of the yoke cross member 360 includes a latch 370 
. thai mates with a latch receiver 372 oh the other yoke ami 358 (see Rgs. 53 and 54, also). The latch 370 and receiver. 
372 releasably lock the yoke cross member 360 In the operating position (as Fig. 53 shows). 

f 5 [0281 1 Freeing the latch 370 from the receiver 372 (see Fig. 54) allows the user to pivot the yoke cross member 360 
. into the loading position. In this position (see Figs. 50 and 51), the channber assembly 350 assuntes an upward facing 
orientation. 

[0282] The latch 370'and receiver 372 can be constructed in various ways. In the illustrated and prefenred embodi- 
ment (see Figs. 55 to 57), the latch 370 comprises an opposed pair of push knobs 472 held by pins 474 within slide 
20 bushings 476 within the latch 370. The knobs 472 are movable within the bushings 476 between an outward position 
(shown In Fig. 56) and a Inward position (shown in Fig. 57). A compression spring 478 biases the knobs 472 toward 
their outward position. IVIanuatly squeezing the knobs 472 toward each other (see Fig. 54) moves the knobs 472 into 
their Inward position. 

[0283] The knobs 472 each include an axial surface groove 480 with a recessed detente 482 (see Fig. 55). When 
2s the knobs 472 are squeezed into their Inward position (see Fig. 57), the each detente 482 registers with a latch hole 
484. When aligned, the detente 482 and hole 484 acconrvnodates passage of the latch tip 488 of a latch pin 486 on 
the receiver 372. 

[0284] When released, the spring 478 returns the knobs 472 to their outward position (see Fig. 56). Each groove 
482 registers with the hole 484 preventing passage of the latch, tip 488. This locks the latch 370 and receiver 372 

30 together, until the knobs 472 are again manually squeezed into their inward position to free the latch tip 488. 

[0285] Because of the angled orientation of the centrifuge, opening the door 234 presents the yoke cross member 
360 to the typical user at his/her waist level (as Fig. 74 shows). The user can open the door 234 and, without bending 
or stooping, squeeze the knobs 472 to release and then pivot the yoke cross member 360 and attached chamber 
assembly 350 out of the compartment 232. This places the chamber assembly 350 Into its upward facing orientation, 

35 which is also at the typical user's waist level. 

[0286] As Figs. 51 and 52 show, with the chamber assembly 350 In its upward facing orientation, the user can open 
the entire processing chamber assembly 350 to load and unload of the disposable processing chamber 16. In the 
Illustrated embodiment, the distance (D4 in Fig. 21 A) between the horizontal support plane 452 and the top of the 
processing chamber assembly 350, when opened for loading, Is about 29 inches. 

40 [0287] For this purpose (see Fig. 52), the chamber assembly 350 includes a rotating outer bowl 374. The bowl 374 
carries an inner spool 376. An arcuate channel 378 (see Figs. 52 and 58) extends between the exterior of the Inner 
spool 378 and the interior of the outer bowl 374. When wrapped about the spool 376, the processing chamber 16 
. • occupies this channel 378. 

[0288] The chamber assembly 350 includes a mechanism 380 for moving the inner spool 376 telescoplcally out of 
45 the bowl 374. This allows the user to wrap the processing chamber 1 6 about the spool 376 before use and to unwrap 

and remove the processing chamber 1 6 from the spool 376 after use. 
. [0289] The mechanism 380 can be variously constructed. In the illustrated embodiment (as Fig. 58 best shows), the 

outer bowl 374 Is coupled to the second axle 354 through a plate 382. The plate 382 includes a center hub.384 that 

surrounds the second axle 354 and that, like the plate 382, rotates on the second axle 354. 
50 [0290] The inner spool 376 also has a center hub 386 that telescoplcally fits about the plate hub 384. A key 388 

connects the inner spool hub 386 to the plate hub 384 for common rotation on the second axle 354. The key 388 fits 

in elongated keyway 390 in the plate hub 384, so that the entire Inner spool 376 can be moved along the axis of the 

plate hub 384 into and out of the bowl 374. 

[0291] In this arrangement, the inner spool 376 is movable along the second axle 354 between a towered operating 
55 position within the outer bowl 374 (as Figs. 49 and 58 show) and an uplifted loading position out of the outer bowl 374 
(as Fig. 52 shows). 

[0292] Further details of the chamber assembly are found In copending U.S. Patent Application Serial Number 
07/814,403, filed December 23, 1991. and entitled "Centrifuge with Separable Bowl and Spool Elements Providing 
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Access to the Separation Chamber,** which is incorporated herein by reference. 
(Hi) The centrifuge-Umbliicua Interface 

[0293] As Rgs. 58 arid 59 best show, the centrifuge 1 6 Includes three umbilicus mounts 392, 394, and 396 positioned 
at spaced apart positions on the centrifuge 1 6. The mounts 392 and 396 receive the umbilicus supports 204 and 206. 
The mount 394 receives the umbilicus thojst bearing member 214. 

[0294] As Figs. 58 and 59 show, the mounts 392. 394. and 396 hold the umbilicus 24 in a predetermined orientation 
during use, which resennbles an inverted question mark. 

[0295] The uppermost umbilicus mount 392 is located at a nonrotating position above the chamber assembly 350 
(see Fig. 21 , too). A pin 398 (see Fig. 59) attaches the proximal end of the upper umbilicus mount 392 to the stationary 
platfomi 346, The upper mount 392 pivots on this pin 398 between an operating position (shown In solid lines In Fig, 
49 and 59) and a loading position (shown in phantom lines in Fig: 49). 

[0296] in the operating position (see Rg. 59), the distal end of the upper mount 392 is aligned with the rotational axis 
of the chamber assembly 350. In the loading position (as shown In Figs. 50 and 51), the distal end Is pivoted out of 
the way. to facilitate loading and unloading the umbilicus 24. The upper mount 392 can be manually. locked for use in 
the operating position using a conventional over-center toggle mechanism (not shown) or the like. 
[0297] The upper mount includes an over-center darnp 400 on its distal end. As Figs. 60 to 62 best show, the clamp 
400 includes cooperating first and second clamp members 412 and 414 pivotally attached to a clamp base 416. The 
clamp members 412 and 414 swing open to receive the upper umbilicus support member 204 (see Fig. 60) and swing 
close to capture the flange 21 0 on the support member 204. The Interior surfaces of the clamp members 4 1 2 and 41 4 
and base 416 are configured in a D-shape that, when closed, mates with the D-shape of the flange 210. The clamp 
member 414 carries an over-center latch 418 that locks the members 412 and 414 closed. When closed, the upper 
mount 392 holds the upper portion of the umbilicus 24 against rotation in a position aligned with the rotational axis of 
the chamber assembly 350. ^ 
[0298] A yoke assembly 348 includes a wing plate 420 that canrte^ the mkJdIe umbilicus mount 394 (see Fig. 59). 
As Figs. 63 and 64 further show, the mount 394 takes the fonm of an aperture that receives the thrust bearing member 
21 4 carried by the umbilicus 24. The thrust bearing member 214 attaches in a secure snap fit within the aperture mount 
394. This connection allows the umbilicus 24 to rotate, or roll, about the thrust bearing member 214 as the yoke rotates 
about the first axle 352, but othenvise secures the umbilicus 24 to the yoke assembly 348. 
[0299] The yoke assembly 348 Includes another wing plate 422 diametrically spaced from the wing plate 420. The 
wing plate 422 canies a countenweight 406, to counter balance the umbilicus mount 394. 

[0300] The lowermost" umbilicus mount 396 holds the lowemiost support member 208 carried by the umbilicus 24. 

As Figs. 65 to 67 best show, the lower mount 396 includes a clamp 402 that is fastened to the spool hub 386 for 

common rotation about the second axle 354. The clamp 402 also rides with the spool 376 along the plate hub 384 as 

the spool is raised and lowered between its lowered operating position and its uplifted loading position. 

[0301] As Figs. 51 and 52 show, the lower umbilicus mount 396 Is presented to the user when the chamber assembly 

350 occupies upward facing orientation and the spool 376 is lifted into its loading position. 

[0302] the clamp 402 includes hinged clamp members 424 and 426 (see Rgs. 65 to 67). The members 424 and 

426 open to receive the lower umbilicus support 206 (as Fig. 65 shows) and close to capture the mount 206 (as Figs.' 

66 and 67 show. . 

[0303] The interior of the damp members 424 and 426 are configured in a D-shape to mate with the D-shape of the 
flange 21 0 carried by the lower umbilicus support 206. A latch assembly 428 (see Fig. 65) locks the members 424 and 
426 during use. 

[0304] The lower mount 396 holds the lower portion of the umbilicus 24 In a position aligned with the rotational axis 
of the second axle 354 (see Fig. 59). The mount 396 grips the lower umbilicus support 206 to rotate with the lower 
portion of the umbilicus 24. 

[0305] In the illustrated and pretended embodiment, the lower mount 396 Indudes beveled support plate 430. As Rg. 
64 best shows, the plate 430 supports the.tubing 18 as it extends from the lower umbilicus support 206 and bends 
toward the processing chamber 16. The support plate 430 prevents crimping of the tubing 1 8 as it makes this transition. 
[0306] The upper mount 392 holds the upper portion of the umbilicus 24 in a non-rotating position above the rotating 
yoke assembly 348. Rotation of the yoke assembly 348 Imparts rotation to the umbilicus about the thrust bearing 
member 214 held by the middle mount 394. Rotation of the umbilicus 24, in turns, imparts rotation through the lower 
mount to the chamber assembly 350. 

[0307] For every ^B0° of rotation of the first axle 352 about its axis (thereby rotating the yoke assembly 348 180°), 
the umbllfcus 24 wilt roll or twiri 180* In one direction about its axis, due tb the fixed upper mount 392. This rolling 
component, when added to the 1 80* rotating component, will result in the chamber assembly 350 rotating 360' about 
•its axis. 
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[0308] The relative rotation of the yoke assembly 348 at a one omega rotational speed and the chamber assembly 
350 at a two omega rotational speed, keeps the umbilicus 24 untwisted, avoiding the need f6r rotating seats. 
[0309] Further details of this anrangenfient are disclosed In Brown et al U.S. Patent 4,120.449, whteh is incorporated 
herein by reference. . ' 

(iv) UmblUcug Or tentatlon 

[0310] The centrifuge 230 made and operated according to the invention provides a small, compact operating envi- 
ronment. The compact operating environment leads to rates of rotation greater than those typically encountered In 
conventional blood centrifuges. 

[0311] For example, a conventional CS«3000® Blood Cell Separator manufactured and sold by Baxter Healthcare 
Corporation (Fenwal Division) operates at centrifuge speed of between zero and about 1600 HPhA, On the other hand, 
the centrifuge 230 made and operated according to the Invention can be operated at speeds of upwards to 4000 RPM. 
[0312] In this high speed operating environment, the umbilicus 24 is subjected to significant cyclical flexure and 

stretching while spinning at high speeds. 

[0313] As before described, as the umbilicus 24 and the yol<e assembly 348 spin 360**, the main body 200 of the 
umbilicus 24 rolls or twirls one rotation about Its axis. At the same time, centrifugal force pulls outward on the umbilicus 
24 as it rotates with the yoke assembly 348. 

[0314] These rolling and pulling forces generate localized stress on the upper support member 204, which Is held 
stationary by the umbilicus mount 392. To moderate this localized stress, the umbilicus 24 Includes the tapered strain 
relief sleeve 212. The tapered sleeve 212 helps to maintain a desired operating curvature in the upper regfon of the 
. umbilicus 24, keeping the umbilicus 24 from buckling, twisting, and ripping apart. 

[0315] The following Table 1 shows the effect of the tapered sleeve 212 in moderating stress, based upon a math- 
ematical model using the commercially available ABAQUS^*^ finite element code. 



TABLE 1 



EFFECT OF TAPERED STRAIN RELIEF SLEEVE 


U 


Sleeve^ 


Stress^ 


14" 


None 




Failure 


.14" 


No Taper 


1.5" 


1115 psi 


14" 


No Taper 


2.0" 


1302 psi 


14" 


No Taper 


3.0" 


1472 psi 


14" 


No Taper 


3.5" 


Failure 


14- 


Tapered 


1.0" 


1154 psi 


14- 


. Tapered 


1.5- 


765 psi 


14" 


Tapered 


2.0" 


833 psi 



Notes; 



The inathemBtlcel model assumed: 

1 . A ooextnided mulUtumen umbilbus (5 lumens) was made of Hytrel® 4056 Plastic Material. It was attached lo a centrifuge generally as shown In 
Rg. 69, Which was rolaled at 2000 RPM. In Table 1 , *L* designates the overall length of the umbHIcus. In Inches. 

2. The umblBcus Included an upper and lower support member 204 and 206, each made of Hytrel® 8122 Ptostic Maleriat. The umbfKcus did not 
carry a thrust bearing member 214. Each upper end lower support member Included either (0 strain relieve sleeve 214 (designated "None" In 
Table 1); (2) a strain relief sleeve 214 of constant wall ttild(ness (designated 'No Taper" In Table 1); or (3) a tapered strain relief sleeve 214 

- (designated Tapered* In Table 1). The strain relief sleeve, wfwn used, measured 0.62S* fn maximum ouler dfemeter. with a maximum wall thickness 
of 0.0ao*. TYie sleeves 214 ranged m length between 1 .0;* to 3.5% as Indicated. 

3. Stiesses (In 0sl) Indicated' the maximum von MIses stresses measured along the umbilicus. In Tal»t& 1, "Inaliure' Indicated thai the umbittcus 
buckled al 2000 RPM. 

[0316] Table 1 demonstrates that, in the absence of any strain relief sleeve (tapered or othenwise), the umbilicus 
buckled at 2000 RPM. The presence of a strain relief. sleeve prevented this type of failure. Table 1 also demonstrates 
that a tapered strain relief sleeve significanliy reduced the measured stress, compared to a nontapered sleeve. 
[0317] The rolling and pulling forces on the umbilicus also develop localized stress on the lower support member 
206,. which rotates with the lower umbilicus mount 396, The umbilicus 24 includes the thrust bearing member 214 to ' 
moderate stress localized In this region. The thrust bearing member 214 allows the umbilicus 24 to roll or hvlr! with 
rotation, thereby providing long tenm, high speed perfomfiance. The thrust bearing member 214 maintains a desired 
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operating curvature In the lower region of the umbilicus to equalizes the stress load, preventing the build up of high 
stress conditions in the region of the tower support member 206. 

[03181 The following Table 2 shows the effect of the rplaling thrust bearing nrmmbcr 21 4 on the moderating stress 
along the umbilicus, based upon the same mathematical model. 

.5 



TABLE 2 



EFFECT OF ROTATiNG THRUST BEARING 


Lenqth Abovemelowi 


Upper Support/Stain l^ellef^ 


Stress^ 


11.5V5- 


Tapered 1" 


618 psi 


11. S«" 


Tapered 1.5" 


589 psi 


1175" 


Tape red r 


781 psi 


11"/5" 


Tapered 1^5" 


564 psi 



Notes: 



The mathematical model assumed: 

1 . A cocxiruded multilumen umbilicus (5 tumens) was made ol HytreKS) 4056 Plastic Material. It web attached to the centrlfugo as shown fn Rg. 69 
and rotated at 2000 RPM. In Table 2, "Above* designates the overall length of the umbilicus. In Intihes. measured from the upper support member 
204 to (he thrust bear^ eiement 214. In Table 2. 'Below" designates the overall length of the umbilicus, in inches, measured from the lower support 

2Q. member 206 to the thrust bearing element 214. . 

2. The umbllfcus Inciuded an upper and lower support member 204 and 206, each made of Hytrel© 8122 Plastic Material. The upper support member 
204 Included a tapered strain relief sleeve, tike that used In Table 1 , ranging In length between 1 .0" to 1 J5*, as Indicated. 

3. Stresses (In psi) Indicated the maximum von MIses stresses measured. 

25 

[0319] When compared to Table 1 , Table 2 demonstrates that the presence of a rotating thrust bearing element 214 
leads to significantly reductions ln the stress measured. 

[0320] Furthenmore, the location of the thrust bearing member 214 relative to the lower support member is Important 
to maintaining the desired curvature of the umbilicus for stress reduction and long term perfomnance. The magnitude 
30 Of the thrust angle a of the member 214 (shown in Fig. 69) is also important to the moderation of stresses. 

[0321] As Fig. 69 shows, rotation of the umbilicus localizes stress forces at three locations, designated SFl, SF2, 
and SF3. SFl Is located just below the lower support member 206; SF2 Is located at the thrust bearing 214; and SF3 
is located at the strain relief sleeve 212 of the upper support member 204. 

[0322] Among these, the magnitude of SFl is the most important. Here Is where that the rolling motion of the umbilicus 
35 24 and the one omega rotation of the yoke assembly 348 are translated Into two omega rotation of the chamber as- 
sembly 360. 

[0323] As the radial distance (X) shown in Fig. 69 between the rotational axis 344 and the thrust bearing member 

214 Increases, SFl increases, and vice versa. It Is therefore desirably to locate the thrust bearing member 214 close 

to the rotational axis, thereby reducing distance (X). However, as the radial distance (X) decreases, SF2 increases, 
40 and vice versa. Therefore, In selecting (X), a tradeoff between decreasing SFl and increasing SF2 must be made. The 

thrust angle a of the member 21 4 must also be taken into account in the distribution of stresses. 

[0324] As the axial distance (Y) shown in Rg. 69 between the bottom of the lower support element 206 and the thrust 
• bearing member 214 decreases, SFl increases, and vice versa, it is therefore desirably to tocate the thrust bearing 

elennent 214 axlally away from the bottom of the lower support member 208, thereby increasing the distance (Y). 
45 However, as the axial distance (Y) increases; SF2 increases, and vice versa. Therefore, In selecting (Y), a tradeoff 

between decreasing' SF1 and increasing SF2 must again be made. 

[0325] As distances (X) and (Y) change, so too do the radial distance (Z) and the axial distance (A) shown in Rg. 
69. Distance (Z)is the maximum radial spacing between the axis of rotation 344 and the umbilicus 24. Distance (A) Is 
the maximum axial spacing between the bottom of the lower support merrtber 206 and the umbilicus 24. 
50 [0326] Distances (A) and (Z) govern the clearance betweeri the umbilicus 24 and the chamber assembly 350. These 
distances (Z) and (A) dictate the overall geometry and size of the space surrounding the chanriber assembly 350. 
[0327] In selecting an optimal design, the following criteria are considered innportant: 

(1) Given the modulus of the umbiiicus 24 made according to the illustrated and preferred' embodiment, and fao- 
55 toring in a safety margin, the SFl force on the umbilicus (expressed in terms of a von Mises stress) should not 

exceed about 564 pounds per square inch (PSI). This factor can, of course, vary according to the particular con- 
struction and materials used in making the umbilicus 24. 

(2) Given the construction and materials of the thrust bearing member 214 made according to the illustrated and 
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preferred embodiment, and again factoring a safety margin, the total load on the thrust bearing member 21 4 (as 
measured along the axis of the bearing member 214) should not exceed 10 pounds. This factor can, of course, 
vary according to the particular construction and rriateriate used in making the thrust bearing member 214. 
(3) Given that desired physical layout and dimensions of the centrifuge 230 should meet the criteria of portability 
and compactness, the distance (Z) should be less than about 5.5 inches. The distance (A) should be greater than 
about 0^ inch to provide enough clearance about the bottom and sides of the rotating centrifuge 230 during use. 

[0328] Table 3 summarizes the variations In stresses observed with changes in position and thrust angle a of the 
thrust bearing element 214 based upon the seme mathematical model. . 



TABLE 3 



STRESS VARIATIONS WITH CHANGES IN THRUST BEARING ELEMENT POSfTION/ORIENTATION 


Li (In) 


X2(in) 


|Y3(ln) . 




Loads Axial/ 
Radia|5 (ibf) 


Stress (psl)6 


Bottom 


5 


4 1/16 


1 • 


30 


2.22/1.13 


603 ' 


5.25 . 


4 1/16 


1 


45 . 


2.07/1.61 


596 


5.25 


4 1/16 


1 


40 


2.24/1.53 


565 


5.25 


4 1/16 


75 . 


35 


2,42/1.44 


557 


5.25 


41/16 


.5 


30 


2.59/1.30^ 


565 


5.25 


41/16 


.75 


30 


,2.59/1.31 


528 


5.25 


4.1/16 


1. 


30 


2.57/1.30 


505 


5.25 


41/16 


1 ■ 


55 




659 


Top 


11.25 


4 1/16 


. 1 


30 


7.20/2.39 


593 


11' 


4 1/16 


0 


30 


.6.81/0.92 


611 


11 


4 1/16 


.5 


30 


6.63/1.79 


; 595 


11 


41/16 


1 


30 


6.84/2.91 


581 


11 


.41/16' 


• i 


55 




578 


10.75 


4 1/16 


1 


30 


6.49/3.54 


604 



Noteft 



The mathemallcal modet assumed: 

1. A cooxtruded mulUlumen umbilicus (5 lumens) was made o( Hytrel® 4056 PlasJks Material. » was attached to Ihe cenlriluge as shown In Fig. 69 
and rotated at 2000 F^PM, The umbilicus Included an upper and kwer support member 204 and 208. each made of HytreKS) 8122 Plastic Material. 
The upper support member 204 also Includes a tapered strain relief sleeve 214 as described In Table 1. In Table 3, 'Bottom' designates the overall 
length of the umbilicus. In Inches, measured from the lower support member 206 to the thrust bearing member 214. In Teble 2, Top* designates the 
oyorail length of the umbflteus. In Inches, measured from the upper support member 204 to the thnisl bearing member 214. 
2/3/4. X. Y and angle a a/e desfgnaled In Rg. 69, 

5. The toad calculations were performed for the top and bottom umbilicus regions separately. Therefore, the total toad on the thmsl bearing member 
214 Is the sum of Ihe loads from Ihe top and bottom umbilicus regloiis. 

6. Stresses (In psi) Indicated maximum von Mlses stresses measured at the upper support member 204 ((or Ihe top umbilicus region) and al the 
lower support member 206 (for the bottom umbiOcus region)- 

[0329] Table 3 shows that, for an umbilicus having a total overall length of 16.25", it should have an 11" lop region 
and a 6.25" bottom region, and the thrust bearing member 214 should be oriented to provide a Distance (X) of 4-1/16''; 
a Distance (Y) of 1 .0"; and a thrust angle a of 30^ This configuration yielded the lowest maximum tubing stress of 581 
psI. the total axial load of 9.41 Ibf (6.84 + 2.57) was close to the design limit of 10 Ibf. 

[0330] Table 4 is another summary of the variations in stresses observed with changes In position and thrust angle 
a of the thrust bearing meniber 214 based upon the same mathematical model. 
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STRESS VARtATiONS WITH CHANGES IN THRUST BEARiWG ELEMENT POSiTION/ORtENTATION I 



L^ (in) 


x2(in) 


Y3(in). 




Loads Axial/ 


Stress (psi^) 










RadiaiS (Ibf) 


Top/Botlom 


. 11/5,26 


41/16 


.546 


53.2 


6.85/2.38 


727 


10.75/5.25 


41/16 


.546 


55,9 


6.60/2.24 


747 


11/5 


41/16 


.546 


48.3 


6.76/1.51 


. 830 


11.25/5 


41/16 


.546 


46.0 


7.03/1.65 


812 


11.235^5 


41/16 


.546 


50,7 


7.1 3f 2.49 


709 


10.75/5 


4 1/16 


.545^ 


51.0 


6.51/1.36 


850 . 


. 11.5/5,25. 


41/16 


.546 


48.5 


7.43^.58 


693 


11/5.25 


4 


.546 


53.8 


6.81/2.54 


690 


10.75^.25 


. 4 


.546 


56.4 


6.57/0.55 


710 


11.25/5 


4 


,546 


46.7 


7.04/0.69 


766 


11.25/5.25 


4 • 


.546 


51.3 


7.10/0.63 


672 


11/5.25 


4 1/16 


.5 


53.1 


6.82/2,45 


733 


. 11/5.25 


4 


.5 


53.6 


6.79/2.58 


696 



Notea; 



The mathamatlcal model assumed: 

1. A obextruded mullUumen umbilicus (5 lumens) was made of HytrelO 4056 Plaslip Material. It was attached to the centrifuge as shown In Rg. 69 
and rotated at 1800 RPM. The umbiricus Included an upper and lower support memlier 204 and 208, each made of Hytrel® 8122 Plastic Material. 
Thft upper support memlicr 204 Included a tapered strain relief sleeve 214. In Tatile 4. -Bottom' designates the overall length of the umbfRcus. In 
Inches, measured from the lower support member to ttw Ihnist bearing element. In Table 4. Top" designates the ovemU length of the umbltjcus! In 
Inches, measured from the upper support member lo the Ihnist bearing member 214. 
2^4. X. Y and angle a are designated In Fig. 69. 

5. The load calculations were performed liy analyzing the entire umbilicus together. Instead for the lop and bottom umbilicus regions separately 
UniDce the conflguraUon described in table 3. In Table 4, the thnjst bearing member214 was left free assume its own Ihnist angle a during rotation! 

6. Stresses (In psO Indicated the maximum iron MIses stresses measured at the tower support member. 

[03311 'n Table 4, all loads on the thrust bearing member 214 were below the design limit of 10 fbf. The trust bearing 
member 214 location where Distance (Y) = 0.546"; Distance (X) = 4"; and thrust angle a = 51.3*; and where the top 
umbilicus region was 1 1 .25" and the bottom umbilicus region was 5.25", gave the lowest maximum von Mises stress 
of 67i2 psi. However, for this umbilicus configuration, the radial distance (Z) was 5.665", which exceeded the design 
limit of 5.5". For this reason, the orientation with the next lowest stress giving a radial Distance (Z) less that 5.5" was 
chosen, as italicized in Table 4. 

[0332) Comparing Tables 3 and 4, It can be seen that fixing the thrust angle ct instead of allowing the Ihrusl bearing 
member 214 to assume a thrust angle a during rotation can reduce the maximum stress, although fixing the thrust 
angle a may increase the axial load of the bearing member 214. 

[0333] In a preferred structural embodiment, the main body 200 of the limbilicus 24 measures 16.75 inches end lo 
end. The overall length of the umbilicus 24, measured between the top and bottom block members 204 and 206 is 
17.75 inches. The distance between the bottom block 206 and the thrust bearing member 214 is 5-3/32 inches. In use, 
the Dimension (X) is 4.0 inch; the Distance (Y) Is 0.546 inch; the Distance (Z) about 5.033 Inches. The length of.lhe 
tapered sleeve 212 is 1 .8 Inch. In the preferred arrangement, the thrust bearing member 214 is fixed at a thrust angle 
a during rotation of 53»8'. 

HI. SET-UP AND DISPOSAL OF SYSTEM 

[0334] Figs. 70 to 75 show the details of loading a representative processing assembly 14 on the centrifuge 16. 
[0335] The user preferably begins the set-up process by placing a template 408 over the sloped front panel of the 
centrifuge assembly (see Fig. 70). The template 408 includes cut-out portions 432 that nest over the cassette holding 
stations 236A/B/C and other operating components on the sloped front panel 238 of the centrifuge cabinet 228. 
[0336] A layout 444 for the fluid circuit 18 is also printed on the template 408. The layout 444 shows the paths that 
the tubing branches attached to the cassettes 22A/B/C should take when the fluid circuit assembly 14 is properly .set- 
up for use. 
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[0337] Next (see Fig. 71 ), the user selects the tray 26 holding the fluid circuit assembly 1 4 for the desired procedure. 
After removing the overwrap 162, the user places the selected tray 26 on the template 408 on the front panel 238. 
[03381 The complementing orientation of the sloped front panel 230 and the tilted rotational axis 344 of the centrifuge 
230 conserve both vertical height and horizontal depth, as previously described. Thus, as Figs. 71 to 73 show, a typical 
user can reach all the operating components on the front panel 230 to nest the tray 26 upon the cassette holding 
stations 236 without overreaching or extending his or her body. 

[0339] As Fig. 71 shows, at this point in the loading process, the user does not press the cassettes 22A/B/C Into 
operative engagement on the holding stations 236. but merely rests them atop the stations 236. 
[0340] With the tray 26 resting upon, but yet engaged by. the holding stations 236. the user removes the containers 
20 from the topmost layer 1 68 of the tray 26 (see Rg: 72). The user hangs the containers 20 on the designated hangers 
on the centrifuge assembly 12. As before noted; the typical user can reach these areas of the centrifuge assembly 12 
with over-extension or reaching. 

[0341] The removal of the contalnfers 20 presents the middle layer 166 of the tray 26 to the user The processing 
chamber 16, umblHcus 24, and attached tubing branches of the fluid circuit 1 B occupy this layer. 
[0342] As Fig. 73 shows, the user unpacks the fluid circuit 1 8. Following the template layout 444. the user lays the 
fluid circuit 18 out upon the front panel 238, making connections as required with the clamps 240 and sensors 244, 
[0343] As Fig. 74 shows, the user next folds open the door 234 to gain for access to the compartment 232 and the 
centrifuge 230 it holds. As previously described, the mutual orientation between the stoped front panel 238 and the 
tilted rotational axis 344 of the centrifuge 230 allow the typfcal user access to the chamber assembly 350 without 
bending or stooping. 

[0344] The user pivots the first umbilicus mount 392 Into its loading position and opens the ciamp 400 (as Fig. 74 
shows). The user then pivots the yoke cross arm 360 to place the chamber assembly 350 into its upward facing ori- 
entation. The user next moves the spool 376 Into its uplifted position for receiving the processing chamber 16. 
[0345] The user wraps the processing chamber 16 about the upraised and open spool 376. The user clamps the 
umbilicus supports 204 and 206 and thrust bearing member 214 into their designated mounts, respectively 392, 396, 
and 394. Then, the user moves the spool 376 into Its closed operating position. The user pivots and latches the yoke 
cross mehiber 360 Into its downward facing operating position. The user closes the door 234 to the centrifuge com- 
partment 232. 

[0346] The removal of the processing chamber 16, umbilicus 24, and tubing 1 8 from the tray 26 In the proceeding 
steps presents the bottommost layer 164 of the tray -26 to the user. The cassettes 22A/B/C occupy this" layer 164. 
[0347] As Fig. 75 shows, the user presses down upon the cassettes 22A/B/C, placing them into operative engage- 
nient with the stations 236. The.user completes the set up by operating the pump modules 264 to load the tubing loops 
134 and 136 of each cassette 22A/B/C onto the pump rotors 298, as previously described. 
[0348] The set up Is noW compfete. The controller 246 proceeds to govern the operation of the centrifuge assembly 
12 to carry out the desired procedure. 

[0349] Figs. 76 to 79 show the steps the user follows In disposing of the processing assenr^ly 1 4 when the procedure 
Is completed. 

[0350] As Fig. 76 shows, with the tray 28 supported on the. front panel 236 of the centrifuge cabinet 228, the user 
collects the components of the fluid circuit assembly 1 4 in the tray 26 for disposal. The user can remove the cassettes 
22A/B/C from the holding stations 236, freeing them from the cut-outs 150A/B/C In the tray Once freed, the cassettes 
22A/B/C can be stacked one atop the other in the tray 26 (as Fig. 76 shows). AKernallvely, the user can keep the 
cassettes 22A/B/C in placewithin the tray 26. 

[0351] The user then unloads the centrifuge 230, freeing the processing chamber 26 and umbilicus 24 and placing 
them in the tray 26 (as Fig. 77 shows). The remaining tubing 1 8 and containers 20 are collected and placed in the tray 26. 
[0352] As Fig. 78 shows, the user lifts the tray 26 and the fluid circuit assembly 14 canried within it from the centrifuge 
assembly 12. The user carries the tray 26 to a receptacle 410 and lip-ends the tray 26 to dump the components 14 
from it. 

[0353] As Fig. 79 shows, once unloaded, the trays 26 can nested together and stored for return to the manufacturer 
for repacking, sterilization, and reuse. The trays 26 can also be sent to a recycling facility. 
[0354] Alternatively, the user can dispose of both the tray 26 and components 14 at the same time. ^ 
[0355] Various features of the invention are set forth in the foltowing claims. 



Claims 

1. A blood processing system comprising a blood, processing assembly (14) in combination with an organizer tray 
(26), wherein the blood processing assembly Is packed within the open Interior area (142) of the organizer tray 
(26) and wherein: 
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a) the tray (26) Includes four side panels (138) and a botlonri panel (140), which together form the open Interior 
area (1 42), and at least one region (1 50) for receiving a cassette (22); and 

b) the blood processing assembly comprises a fluid container (20), a separation element (1 6) for separating 
blood from a source, a fluid path (1 8) for conveying blood from the source to the separation element (16), the 
fluid path containing an in-line cassette (22) having a housing (11 0) defining an Interior, first (T4) and second 
(T5) punr^ ports on the housing (110), a first flexible tubing loop (134) extending between the first and second 
pump ports externally of the housing for engagement with an external peristaltic pumping element (282). a 
liquid port (Tl to T3, TB to T10) on the housing attachable lo a length of tubing (154) that extends externally 
of the housing and fomns a part of the associated fluid path (18), liquid passages (Fl to F19) fonned within 
the housing and communfcaltng with the liquid port, the first pump port and the second pump port. 

2. A blood processing system according to claim 1 , wherein the blood processing assembly is,packed in the tray in 
three ordered layers (164, 166 and 168), the fluid container (20) occupying a top level (168) within the tray (26). 
the separation element (1 6) and associated lengths of tubing occupying a middle level (1 66) and the cassette (22) 
occupying a bottom level (1 64). 

3. A blood processing system according lo claim 1 or 2. wherein the bottom panel (140) of the tray (26) includes 
pref omied upstanding brackets (1 58) suitable for holding an umbilicus (24) In the tray. 

4. A blood processing system according lo any one of the preceding claims, wherein at least one component of the 
blood processing assembly is retained in the tray or connected thereto when the blood assembly Is in use. 

5. A blood processing system according to any one of the preceding claims, further comprising valve means (VI to 
VI 0) formed within the housing for controlling liquid flow through the liquid passages and through the associated 
fluid path. ' . 

6. A blood processing system according lo claim 5, wherein the cassette housing further includes a generally flexible 
wall (116) that overlies the interior area and externally seals the valve means, the flexible wall flexing in response 
to external force applied for opening and closing the valve means. 

• 7. A blood processing system according to any one of the preceding claims, wherein the housing of the cassette has 
. side walls (130A. 130B, 132A, 132B) and the first (T4) and second (T5) pump ports are on one side wall (130A). 

8. A blood processing system according to any one of claims 1 to 6, wherein the cassette further includes third (T6) 
and fourth (T7) pump ports on the housing (110) and a second flexible tubing loop (136) that extends between the 
third and fourth pump ports externally of the housing for engagement with a second external peristaltic pump rotor 
(298), and wherein the liquid passages fonned within the housing communicate with the third and fourth pump ports. 

9. A blood processing system according to claim 7, wherein the cassette further includes third (T6) and fourth (T7) 
pump ports on the side wall (130B) of the housing opposite to said side wall (130A) having said first (T4) and said 
second (TB) pump ports, a second flexible tubing loop (1 36) that extends between the third and fourth pump ports 
externally of the housing for engagement with a second extemal peristaltic pump rotor (298), and the liquid pas- 
sages fomied within the housing communicate with the third and die fourth pump ports. 

1 0. A blood processing system according to any one of the preceding, claims, wherein the separation element (1 6) is 
. a container disposable in a centrifuge for centrifugal separation. 

11. A blood processing system according to any one of the preceding claims, wherein the assembly forms a sterile 
blood flow path essentially closed to communicallon with the atmosphere. 

12. A blood processing system according to any one of claims 1 to 11, wherein the organizer tray is fomied from 
amorphous polyethylene lerephthalate (APET), high impact polystyrene (HIPS), polyethylene lerephthalale with 
a glycol modifier (PETG), recycled center layer coextrusions or paperfooard. 

13. A blood processing system according to any one of claims 1 to 12, wherein at least one of the side panels (138) 
has an outwardly bowed recess. 

14. A blood processing system according to any one of claims 1 to 13, wherein the side panels (138) have preformed 
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brackets or pockets (146) to hold gravity-fed components In an upright, griavfty flow position during use. 

15. A btood processing system according to any one of claims l.to 14. wherein the side panels (138) Include open 
regions (148) through which portions of the fluid circuit (18) leading to and from the cassette (22) pass when the 
tray is mounted on a centrifuge assembly. 

16. A blood processing system according to any one of claims 1 to 15, wherein the regtons (160) for receiving the 
cassettes (22) are cut-out regions located in the bottom panel. 

1 7. A blood processing system according to claim 1 6, wherein the cut-out regions are separated by upstanding hollow 
ridges (156) 

18. A blood processing system according to claim 17 having pairs of upstanding chambers (152) fonned at opposite 
ends of the cut-out regions. 

19. A blood processing system according to any one of claims 1 to 18, wherein an outer shrink wrap (162) encloses 
the tray and the blood processing assembly (14). 



PatentansprQche 

1 . Blutverarbeitungssystem, das eine Blutverarbeitungsanordnung (1 4) in Kombinalion mit einer Orgahisatonwanrte 
(26) aufwelst, wobei die Blutverarbeitungsanordnung in dem offenen Innenbereteh (142) der Organisatonwanne 
(26) verpackt ist und wobei: 

a) die Wanne (26) vier Seitentafeln (138) und eine Bodenplatte (140) aufweist, die gemeinsam den offenen 
Innenbereich (142) und mindestens einen Bereich (150) zur Aufnahme einer Kassette (22) bilden; und 

b) die Blutverarbeitungsanordnung folgendes aufweist: ejnen Fluldbehader (20), ein Trennelement (16) zum 
Trennen von Blut von einer Quelle, eine Fluidbahn (18) zum Fordern von Blut von der Quelle zu dem Tren- 
nelement (1 6), wobei die Fluidbahn eine in-Llne-Kassette (22) enthgit, die folgendes hat: ein einen tnnenraum 
definierendes Gehause (110), einen ersten (T4) und einen zweiten (T5) PumpenanscliluB an dem Gehause 
(110), eine erste flexible Schlauchschleife (134), die sich zwischen dem ersten und dem zweiten Pumpenan- 
schluQ auQerhalb des Geh^uses zum Eingriff mIt einem extemen perlstaltischen Pumpelement (292) erstreckt, 
einen FlusslgkeltsanschluS (T1 bis T3, T8 bis T10) an dem Gehause, der an einer Schlauchlange (164) an- 
bringbar Ist, die sich auBerhalb des GehMuses erstreckt und ein en Tell der zugeordneten RukJbahn (18) biidet, 
Flu$slgkeltskanaie (F1 bis F19), die in dem Gehause gebildet sind und mit dem FlussigkeltsanschiuB, dem 
ersten. PumpenanschluB und dem zweiten PumpenanschluB in Verbindung sInd. 

2. Blutverarbeitungssystem nach Anspruch 1 , wobei die Blutverarbeitungsanordnung in der Wanne in drei geordneten 
Lagen (164, 166 und 168) gepackt Ist, wobei der FluidbehSlter (20) eine obere Ebene (168) in der Wanne (26) 
einnimmt, das Trennelement (16) und zugeordnete SchlauchlSngen eine mittlere Ebene (166) einnehmen und die 
Kassette.(22) eine untere Ebene (164) einnimmt. 

3. Blutverarbeitungssystem nach Anspruch 1 oder 2, wobei die Bodenplatte (1 40) der Wanne (26) vorgefonmte auf- 
rechte Halteelemente (156) aufweist, die zum Halten einer Hauptleitung (24) In der Wanne geeignet sind. 

4. Blutverarbeitungssystem nach einem der vorhergehenden Ansprfiche, wobei mindestens eine Komponente der 
Blutverarbeitungsanordnung In der Wanne festgelegt oder damit verbunden ist, wenn die 8iutver]^eitungsanord- 
nung in Gebrauch ist. 

5. Blutverarbeitungssystem nach einem der vorhergehenden Anspruche, die ferner Ventileinrichtungen (VI bis V1d) 
aufweist, die In dem Gehause ausgeblldet sind, urn den FlusslgkeitsdurchfluB durch die. FIQssigkeitskanSie und 
durch die zugeordnete Fiuidl)ahn zu steuern. 

6. Blutverarbeitungssystem nach Anspruch 6, wobei das Kassettengehause femer eine aligemein flexible Wand (116) 
aufweist, die iiber dem Innenbereich liegt und die Ventileinrichtungen auBen abschlie(3t, wobei sich die flexible 
Wand in Abhangigkeit von einer extemen Kriafl biegt, die zum Offnen und SchlieSen der Ventileinrichtungen auf- 
gebracht'wird. 
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7. Blutverarbeitungssyslem nach einem der vorhergehenden Anspriiche, wobei das Gehause der Kassette Seiten- 
wande {130A. 130B. 132A. 132B) hat und sich der ersle (T4) und der zweile (T6) PumpenanschluB an eiher 
Seitenwarid (130A) beflnden. 

8. Blutverarbeitungssystem nach einem der Anspruche 1 bis 6, wobei die Kassette (erner einen dritten (T6) und einen 
vlerteh (T7) PumpenanschluB an dem Gehause (110) und eine zweite flexible Schlauchschleife (136) aulweist, 
die slch zwlschen dem dritten und dem vleiten PumpenanschUiB auBerhalb des Gehauses zum Bngriff mil einem 
zwelten extemen.peristaltlschen Pumpenrblor (298) ersireckt» und wobel die In dem Gehduse gebildeten Flusslg- 
keitskanale mtt derh dritten und dem vierten PumpenanschluB in Verbindung sind. 

9. .Blutverarbeitungssystem nach Anspruch 7, wobei die Kassette femer aufweist: einen dritten (T6) und einen vierlen 
(T7) PumpenanschluB an der Seitenwand (130B) des Gehauses, die der Sellenwand (130A) mil dem ersten (T4) 
und dem zwelten (15) PumpenanschluB gegenOberllegl, eine zweite flexible Schlauchschleife (136), die sich zwi- 
schen dem dritten und dem vierten PumpenanschluB auBerhalb des Gehauses zum Eingriff mil einem zweiten 
exlernen peristaltischen Pumpenrotor (298) erstreckt, und wobei die in dem Gehause gebildeten Fliissigkeltska- 
naie.mit dem dritten und dem vierten PumpenanschluB in Verbindung sind. 

10. Blutverarbeitungssystem nach einem der vorhergehenden Anspruche, wobei das Trennelement (1 6) ein Behalter 
ist, der In einer Zentrifuge fur die Zentrifugalabscheidung angeordnet werden kann. 

1 1 . Blutverarbeitungssystem nach einem der vorhergehenden AnsprCiche, wobei die Anordnung eine sterile Blutdurch- 
fluBbahn bildet,<lie in bezug auf eine Verbindung. mit der Atmosphere Im wesentltehen geschlossen Ist. . 

12. Blutverarbeitungssystem nach einem der Anspruche 1 bis 11 , wobei die Organl^atonwanne aus amorphem Polye- 
thylenterephthalat (APET), hochschlagfestem Polystyrol (HIPS), Polyethylenterephthalat mil einem Glykolmodlfl- 
kator (PETG).; recycelten MIttellagen-Koextmsionen oder -Pappe besteht. 

13. Blutverarbeitungssystem nach einem der AnsprOche 1 bis 12. wobei mindestens eine der Seitentafein (138) eine 
nach auBen gewolbte Vertiefung hat. 

14. Blutverarbeitungssystem nach einem der Anspruche 1 bis 13, wobei die Seitentafein (138) vorgefonnte Halte- 
elemente oder Taschen (146) haben, um im Gebrauch durch Schwerkraft zugefuhrte Komponenten In einer .auf- 
rechlen SchwerkraftdurchfluBposition zu halten. 

1 5. Blutverarbeitungssystem nach einem der Anspruche 1 bis 1 4, wobei die Seitentafein (1 38) offene Berelche (1 48) 
aufweisen. durch die Berefche des zu und von der Kassette (22) fuhrenden Fluidkrelslaufs (18) hindurchtreten, 
wenn die Wanne an einer Zentrffugenanordnung ahgebracht Ist. 

16. Blutverarbeitungssystem nach einem der Anspruche 1 bis 16, wobei die Bereiche (150) zur Aufnahme der Kas- 
setten (22) ausgeschnittene Bereiche sind, die in der Bodenplatte angeordnet sind. 

17. Blutverarbeitungssystem nach Anspnjch 16, wobei die ausgeschnlttenen Berefche durch aufrechte Hohlrippen 
(156) getrennt sind. 

18. Blutverarbeitungssystem nach Anspmch 1 7, das Paare von aufrechten Kammem (152) hat. die an gegenOberlie- 
genden Enden der ausgeschnittenen Bereiche gebildel sind. 

19. Blutverarbeitungssystem nach einem der Anspruche 1 bis 18, wobei eine duBere Schrumpfverpackung (162) die 
Wanne und die Blulverarbeitungsanordnung (14) umschlreBt. 



Revendicatlons 

1 . DIsposltif de traitement de sang comprenant un ensemble de traitemenl de sang (14) associ6 ^ un plateau d'or- 
ganisation (26), dans lequet I'ensemble de traitement de sang est conditionn6 k rint6rieur de la zone interieure 
cuverte (1 42) du plateau tforganisation (26) et dans lequel: 

a) le plateau (26) comprerid quatre panneaux Ial6raux (138) et un panneau Inferieur (1 40), qui forment entre 
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eux la zone Inl6rieure ouverte (142) et au molns une zone (150) destin6e k recevoir une cassette (22); et 
b) I'ensemble de traiten^enl de sang comprend un conteneur de fluide (20), un 6l6menl de s6paralion (16) 
destine a s^parer le sang provenant d'une source, un circuft de fluide (1 8) dealing h transferer le sang a partir 
de la source vers I'6l6menl de separation (16), le circuit de fluide contenant une cassette en llgne (22) pr6- 
sentant un logennent (110) d6finissant une partie Interieure, des premier (T4) et deuxl6me (T5) orifices de 
pompe sur le logenrient (110), une premiere boucle de tuyauteile flexible (1 34) s'dlendant entre les premier et 
deuxidme orifices de pompe de manl6re externe par rapport au logement afln de coop6rer avec un 6I6menl 
de pompage p6r1stalllque externe (292). un orfflce de llqulde (T1 k T3, T8 k T10) sur le togement, pouvam 
6tre coupl6 ^ un ^gnfient de luyauterie (154) qui s'etend de mahlere externe par rapport au logement et forme 
une partie du circuit de fluide associe ( 1 8), des passages de tlquide (Fl k F1 9) fomi6s k rinl6rieur du logement 
et communlquant avec I'oriflce de fiquide, le premier orifice de pompe el le deuxl^me orifice de pompe. 

2. DIspositIf de iraitement de s^ng selon la revendicatlon 1 , dans lequel I'ensemble de traltement de sang est con- 
ditionne sur le plateau en trois couclies ordonndes (164, 166 et 168), le conteneur de fluide (20) occupant un 
niveau sup6rleur (168) k I'lnt6rleur du plateau (26), r6l6ment de separation (16) et les segments assocl6s de 
tuyauterie occupant un niveau central (166) et la cassette (22) occupant un niveau inf6rleur (164). 

3. DIspositIf de traltement de sang selon ia revendlcatron 1 ou 2, dans lequel le panneau Inferieur (140) du plateau 
(26) comprend des potences verticales pr6f onm6es (1 68) appropri6es pour supporter un ombilical (24) sur le pla- 
teau. 

4. DIspositIf de Iraitement de sang selon Tune quelconque des revendlcations precedentes, dans lequel au molns 
un composant de Tensemble de traltement de sang est retenu sur le plateau ou couple &,celul-ci lorsque I'ensemble 
de traltement de sang est utilise.. 

5. Disposilif de traltement de sang selon I'une quelconque des revendicalions precedentes, comprenant, eh outre, 
des moyens fonmant vanne (VI 6 V1 0) formes k I'lnterleur du logement afln de commander I'ecoulernenl de liquide 
k travers les passages de llqulde et k travers les circuits de fluide associes. 

6. DIspositIf de traltement desang.selon la revendlcallcn 6, dans lequel le logement de cassette comprend, en outre, 
une parol sensiblement flexible (116) qui recouvre la zone Interleure el assure retancheite externe des moyens 
fprmanl vanne, la parol flexible fl6chissant en reponse k un effort externe applique afln d'ouvrir et de fermer les 
moyens fomiant vanne. 

7. Disposltif de Iraitement de sang selon I'une quelconque des revendicalions precedentes, dans lequel le logement 
de lia cassette comporte des parois laterales (130A, 130B, 132A, 132B), el les premier (T4) et deuxi6me (T5) 
orifices de pompe sonl places sur une premifere parol laterale ( 1 30A). 

6. DIspositIf de Iraitement de sang selon I'une quelconque des revendlcations 1 k 6, dans lequel la cassette comprend, 
en outre, des trolslfeme (T6) et quatrldnrie (T7) orifices de pompe sur le logement (110) et une seconde boucle de 
tuyauterie flexible (136) qui s*6tend entre les trolsifeme el quatrifeme orifices de pompe de manldre exleme par 
rapport au logement afin de cooperer avec un second rotor de pompe peristaltlque externe (298) et dans lequel 
les passages de liquide fonnes k llnierleiir du logiBment communiquent avec les trolsieme el quatrieme orifices 
de pompe. 

9. DIspositIf de traltement de sang selon la revendlcallon 7, dans lequel la cassette comprend, en outre, des iroisifeme 
(T6) et quatrieme (T7) orifices de pompe su r ia paroi laterale (1 30B) du logement k I'oppose de ladile parol laterale 
(1 30A) conriportanl ledit premier {T4) et ledit deuxleme (T5) orifices de pompe, une seconde boucle de tuyauterie 
flexible (136) qui s'etend entre les iroisieme et quatrieme orifices de pompe de manldre externe par rapport au 
logement afin de cooperer avec un second rotor de pompe peristaltique externe (298), et les passages de liquide 
fonnes k rinterieur du logement communiquent avec les Iroisieme et qualrieme orifices de pompe. 

10. Disposltif de traltement de sang selon I'une quelconque des revendlcations precedentes, dans lequel reiement de 
separation (16) est un conteneur jetable dans une centrifugeuse pour separation centrifuge. 

11. Disposilif de Iraitement de sang selon I'une quelconque des revendicatlons precedentes, dans lequel llensemble 
forme un circuit d'ecoulement de sang sterile sensiblement ferme par rapport a fa communication avec ratmos- 
phfere. 
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12- DIspositif de iraitement de sang selon Tune quelconque des revendications 1 & 11 , dans leque! le plateau d'orga- 
nisatlon est fomn6 & partir de pply6lhylfene t6r6phtalate amorphe (APET), de polystyrene k haute resistance au 
choc (HIPS), de polyethylene I6r6phtalate avec un agent modJfiant au glycol (PETG), tfeiements r^alisds par. 
extrusion multiple k couche centrale recycide ou de carton. 

13. Dfeposltif de traltement de sang selon l*une quelconque des revendications 1 h 12 dans lequel au molns Tun des 
panneaux Ial6raux (138) comporte unecavlteclntr6e vers rext6rieur. 

14. DIspositif de traltement de sang selon Pune quelconque des revendications 1 k 13, dans lequel les panneaux 
Iat6raux (138) comportent des potences ou poches preformSes (146) afin de maintenir des composants d6llvr6s 
par gravity dans une position verticale d'ecoulement par gravity au cours de futilisation. 

15. DIspositif de traltement de sang selon I'line quelconque des revendications 1 a 14, dans lequel les panneaux 
Iat6raux (138) comprennent des zones ouvertes (148) k travers lesquelles passent des parties du circuit de f luide 
(1 8) condulsant k la cassette (22) et provenant de celle-ci. lorsque le plateau est mont6 sur un ensemble centrifuge. 

16. DIspositif de traltement de sang selon rune quelconque des revendications 1 h 15, dans lequel les zones (150) 
destinies k recevoir les cassettes (22) sent des zones d6coup6es sltu6es dans le panneau Inf^rieur. 

17. DIspositif de traltement de sang selon la revendlcatlon 16. dans lequel les zones d6coup6es sont s^par^es par 
des nervures vertlcales creuses (156). 

18. DIspositif de traltement de sang selon la revendication 17, comportant deis palres de chambres vertlcales (152) 
fonmSes sur des extr6mit6s oppos6es des zones d6coup6es. 

19. DIspositif de traltement de sang selon Tune quelconque des' revendications 16 18, dans lequel une couverture 
retractable externe (1 62) entbure le plateau et I'ensemble de traltement de sang (14). 
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